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A B S T R A C T
This  e x p e r im e n ta l  and t h e o r e t i c a l  s tu d y  aims a t  
f u r t h e r  i n v e s t i g a t i o n ,  by means of an e x t r a p o l a t i o n  type  
of  i o n i z a t i o n  chamber, o f  the  i o n i z a t i o n  measurement of  
ene rg y  a b s o r p t i o n  from h i g h - v o l t a g e  r a d i a t i o n s  w i t h i n  a 
medium. W avelengths r a n g in g  between 0 .08  and 0 .5  A° 
were u sed .
The w a l l s  o f  t h e  i o n i z a t i o n  chamber were made of  
s im p le  e lem en ts  ( g r a p h i t e ,  aluminium and copper)  o r  
p r e s s e d  b a k e l i t e  -  g r a p h i t e  m ix tu re s  which were loaded  
w i th  ce r ium  ox ide  in  o r d e r  to  c o n t r o l  th e  e f f e c t i v e  atomic 
number o f  t h e  m ix tu r e s .
A d i s t i n c t  advan tage  o f  t h e  e x p e r im e n ta l  arrangem ent  
u sed  i s  th e  p o s s i b i l i t y  o f  m easuring  the  i o n i z a t i o n  per  
u n i t  s p a c in g  when th e  a i r  space  i s  v a n i s h i n g l y  sm all  which 
th u s  e l i m i n a t e s  th e  v a r i a b l e  e f f e c t s  of  chamber s i z e .
The r e s u l t s  c f  e a r l i e r  workers  w i th  chambers o f  f i x e d  
f i n i t e  d im en s ion s  have been  d i f f i c u l t  t o  i n t e r p r e t  i n  
terms o f  t h e o r e t i c a l  c o n s i d e r a t i o n s  b ecau se  o f  th e se  
e f f e c t s .  F u r th e rm o re ,  by v a ry in g  th e  th i c k n e s s  of  th e  
upper  p l a n e  e l e c t r o d e  cf th e  chamber, c o r r e c t i o n  c o u ld  
be made f o r  a b s o r p t i o n  of  r a d i a t i o n  in  t h i s  e l e c t r o d e ,  
which, a t  lo n g  w a v e le n g th s ,  maybe c o n s i d e r a b l e  i n  th e  
media o f  h i g h e r  a tom ic number.
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The r e s u l t s  o b t a in e d  w i th  a chamber of g r a p h i t e  
w a l l s  show t h a t  g r a p h i t e  behaves  ap p ro x im a te ly  as a i r  
w a l l e d  m a t e r i a l ,  th e  i o n i z a t i o n  p e r  u n i t  volume i s  
c o n s t a n t  i . e .  t h e  i o n i z a t i o n  I q b e in g  p r o p o r t i o n a l  to  
V where V i s  the  a i r  volume. With w a l l s  of atomic 
number g r e a t e r  th an  t h a t  o f  a i r  th e  i o n i z a t i o n  p e r  u n i t  
s p a c in g  i n c r e a s e s  s l i g h t l y  as th e  s p ac in g  d e c re a s e s  up 
to  a c e r t a i n  t h r e s h o l d  s p a c in g  blow which i t  i n c r e a s e s  
v e ry  r a p i d l y .  The i o n i z a t i o n  p e r  u n i t  s p a c in g  and th e  
t h r e s h o l d  sp a c in g  b o th  depends upon th e  m a t e r i a l  of the  
e l e c t r o d e s  and t h e  w ave leng th  o f  t h e  r a d i a t i o n .
The i o n i z a t i o n  p e r  u n i t  s p a c in g  a t  zero  dimensions 
may bo measured in  two ways. F i r s t l y ,  by drawing a t  th e  
o r i g i n  a t a n g e n t  to  t h e  i o n i z a t i o n  -  sp a c in g  cu rve  and 
s ec o n d ly  by e x t r a p o l a t i o n  to  ze ro  d im ensions  of th e  
i o n i z a t i o n  p e r  u n i t  sp a c in g  -  s p a c in g  cu rve .
I t  was th u s  p o s s i b l e  t o  compare t h e s e  e x p e r im e n ta l  
o b s e r v a t i o n s  w i th  e x p e c t a t i o n s  b a se d  upon th e  Bragg -  
Gray th e o r y  of  i o n i z a t i o n  w i t h i n  a c a v i t y .
This  com parison  s u g g e s t s  t h a t  th e  Bragg -  Gray 
th e o r y  may be r e g a rd e d  as a s a t i s f a c t o r y  d e s c r i p t i o n  
o f  th e  f a c t s  f o r  t h e  range  of w ave leng ths  s t u d i e d ,  a t  
l e a s t  f o r  e lem ents  o f  a tomic number up to  t h a t  o f
-  i l l  -
aluminium (Z = I 5) . F o r  copper  (Z = 25) and the  
m i x t u r e s .(  depending  upon the  e l e c t r o n  e m is s io n  from 
Ce of  Z = ^8) t h e  e x p e r im e n ta l  r e s u l t s  d i s a g r e e  w i th  
th e  th e o ry  e x c e p t  f o r  t h e  s h o r t e s t  w a v e le n g th s ,  and 
th e  d i sa g re e m e n t  i n c r e a s e s  w i th  i n c r e a s e  of wavelength.
S u g g e s t io n s  a r e  advanced and a m o d i f i c a t i o n  made 
to  G ray ’ s e q u a t io n  i n  an a t te m p t  to  c o r r e c t  f o r  t h i s  
d i s a g re e m e n t .  These a re  b ase d  upon a c o n s i d e r a t i o n  
o f  the  s o u rc e s  and th e  energy  of th e  p h o t o e l e c t r o n s  
o m i t te d  from th e  w a l l  m a t e r i a l s .
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I .  I N T R O D U C T I O N
The i o n i z a t i o n  p roduced  in  an a i r  f i l l e d  c a v i t y  
by h ig h  v o l t a g e  r a d i a t i o n  w i th in  a medium has been a 
s u b j e c t  o f  c o n s i d e r a b l e  t h e o r e t i c a l  and e x p e r im e n ta l  
i n v e s t i g a t i o n  f o r  t h e  l a s t  t h i r t y  y e a r s  o r  so .
P ro v id ed  t h a t  c e r t a i n  c o n d i t i o n s  a r e  f u l f i l l e d  i t  now 
seems p o s s i b l e ,  a s  shown by t h e  Bragg -  Gray 
th e o ry ,  t o  e x p r e s s  th e  i o n i z a t i o n  w i t h i n  such a c a v i t y  
in  terms o f  t h e  r e a l  a b s o r p t i o n  c o e f f i c i e n t s  o f  the  
medium and i t s  s to p p in g  power f o r  e l e c t r o n s .  C onverse ly ,  
i f  t h e s e  c o n d i t i o n s  may be f u l f i l l e d  s a t i s f a c t o r i l y ,  a 
measurement o f  t h e  i o n i z a t i o n  w i th in  th e  c a v i t y  may be 
used  to  i n f e r  the  r e a l  energy  a b s o r p t i o n  o f  h ig h  v o l t a g e  
r a d i a t i o n  w i t h i n  th e  medium.
The ex p e r im e n ts  o f  p r e v io u s  w orkers ,  who have made 
measurements o f  th e  i o n i z a t i o n  produced  by h ig h  v o l t a g e  
r a d i a t i o n  i n  i o n i z a t i o n  chambers h av in g  w a l l s  o f  v a r io u s  
atom ic numbers,  i n d i c a t e  t h a t  a l th o u g h  th e  c o n d i t i o n s  
r e q u i r e d  by the  th e o ry  a re  s a t i s f a c t o r i l y  f u l f i l l e d  f o r  
sm all  i o n i z a t i o n  chambers o f  l i g h t  atom media when very  
h ig h  energy  r a d i a t i o n  i s  u sed  ( e . g .  rad ium  Y r a y s )  t h e
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measurements do n o t  g i v e  th e  r e s u l t s  p r e d i c t e d  by  th e  
th e o r y  when th e  chamber w a l l s  a r e  o f  h ig h e r  atomic 
numbers o r  th e  r a d i a t i o n s  u sed  a r e  o f  lo n g e r  w ave leng ths .
The d im ensions  o f  th e  chamber a l s o  a f f e c t  th e  d is c re p a n c y  
between  th e  two.
Mayneord u sed  t h i n  w a l le d  chambers o f  d i f f e r e n t  
m a t e r i a l s  and found t h a t  t h e r e  was a d isag reem en t  between 
the  e x p e r im e n ta l  v a lu e s  and t h o s e  c a l c u l a t e d ,  t h e  former 
b e in g  l e s s  th a n  t h e  l a t t e r .  C la rk s o n  and Mayneord 
made i o n i z a t i o n  chambers o f  ca rb o n  (Ac he son g r a p h i t e )  
e l e c t r o p l a t e d  on th e  i n s i d e  w i th  a copper  l a y e r  o f  t h i c k ­
n es s  • They fo un d  t h e  i o n i z a t i o n  c u r r e n t s  to  be  
a p p r e c i a b ly  l e s s  th a n  th e  t h e o r e t i c a l  v a lu e s .  They i n f e r r e d  
t h a t  th e  d i f f e r e n c e  was due to  t h e  t h i c k n e s s  o f  t h e  copper 
l a y e r  b e in g  i n s u f f i c i e n t  to  g iv e  f u l l  e q u i l i b r i u m  e l e c t r o n i c  
e m is s io n  o v e r  t h e  s h o r t  wave r e g io n .  I n  o r d e r  to  s tudy  t h e  
q u a l i t y  o f  t h e  r a d i a t i o n s  u sed  i n  rad ium  Y- r a y  th e ra p y  
(5 -  20 X.U.) W ilson p r e p a r e d  chambers o f  c a rb o n ,  
magnesium w i th  w a l l s  4 mm. t h i c k  and o f  copper w i th  w a l l s  
one mm. t h i c k .  He found a c o n s i d e r a b l e  d e v i a t i o n  from 
Mayneord ' e x p e r im e n ta l  v a lu e s .  He a t t r i b u t e d  t h e  
d i s c r e p a n c y  p a r t l y  to  t h e  f a c t  t h a t  t h e  chambers c o u ld  n o t  
b e  r e g a rd e d  as  b e in g  s u f f i c i e n t l y  t h i n .  C la rk s o n  ( 6 ) ,  i n
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h i s  endeavour to  u se  the  i o n i z a t i o n  c u r r e n t  produced  i n  
a gas c o n ta in e d  i n  a sm al l  i o n i z a t i o n  chamber as an 
i n d i c a t i o n  o f  the  r a t e  o f  a b s o r p t i o n  o f  energy f o r  X -  
r a d i a t i o n  o f  w ave leng th  0 .208  u sed  chambers o f
carbon ,  magnesium, e l e k t r o n  m e t a l ,  aluminium, i r o n ,  
copper ,  z inc  and l e a d .  He came to  th e  c o n c lu s io n  t h a t  
the  e x p e r im e n ta l  v a lu e s  f o r  t h e  i o n i z a t i o n  c u r r e n t s  are  
l e s s  th a n  those  o b t a i n e d  from th e  t h e o r e t i c a l  c o n s i d e r a ­
t i o n s  o f  Gray e x c e p t  f o r  s u b s t a n c e s  o f  low a tom ic
number ( l e s s  th an  1 2 ) .  He s u g g e s te d  t h a t  th e  d e v i a t i o n  
i n  th e  ca se  of  media o f  h ig h  a tom ic number i s  due to  the  
f a c t  t h a t  t h e  b i n d i n g  energy o f  th e  e l e c t r o n  removed 
r i s e s  r e l a t i v e l y  to  t h a t  o f  thee quantum, ( see  l a t e r  p p . 137- 139)
A l l  th e  p r e v io u s  i n v e s t i g a t i o n s  were made w ith  
chambers c o n s t r u c t e d  from m a t e r i a l s  c o n s i s t i n g  o f  simple 
e le m e n ts .  R e c e n t ly ,  c o n d u c t in g ,  ’^t h e r m o - s e t t i n g ’’ r e s i n s  
have been u sed  f o r  t h e  l a r g e  s c a l e  p r o d u c t io n  o f  i o n i z a t i o n  
chambers f o r  t h e  f o l l o w i n g  r e a s o n s .
1) I t  i s  p o s s i b l e  t o  p r e s s  sm all  c o n d e n s e r  i o n i z a t i o n  
chambers i d e n t i c a l  i n  c o n s t r u c t i o n ,  b u t  d i f f e r e n t  i n  
e f f e c t i v e  atomic number, which a r e  l i k e l y  to  be u sed  f o r  
th e  s im u l tan e o u s  measurements o f  ’’d e p th  q u a l i t y ” and 
’’d e p th  d o s e ” . ^
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2) I t  i s  a l s o  p o s s i b l e  to  mould very  sm all  
chambers which a re  s u i t a b l e  f o r  t h e  s tudy  of  t h e  q u a l i t y  
o f  th e  s c a t t e r e d  r a d i a t i o n  g e n e r a t e d  i n  a medium by 
X -  r a y s  For th e s e  r e a s o n s  Aly and V/ilson (
i n v e s t i g a t e d  the  b e h a v io u r  o f  such p r e s s e d  i o n i z a t i o n  
chambers and t h e i r  r e s u l t s  showed t h a t :  -
1) Chambers moulded from  b a k e l i t e  m ix tu re s  a re  
s a t i s f a c t o r y  e l e c t r i c a l  c o n d u c to r s  and behave c o n s i s t e n t l y  
i n  t h e i r  i n t e r a c t i o n  w i t h  th e  r a d i a t i o n  used  (0 .5  -
0 .013  A°u)
2) The r a t i o s  o f  i o n i z a t i o n  c a l c u l a t e d  a c c o rd in g  
to  G ra y ’s th e o ry  a g re e  w ith  the  e x p e r im e n ta l  ones up to  
a w ave leng th  of  0 .08  A? . and beyond t h a t  t h e  degree  o f  
d i f f e r e n c e  i n c r e a s e s  w i th  i n c r e a s e  o f  w ave leng th  v e ry  
r a p i d l y .  They su g g e s te d  t h a t  such d i f f e r e n c e s  between 
th e  t h e o r e t i c a l  and e x p e r im e n ta l  f i n d i n g s  a re  due p a r t l y  
t o  an in co m p le te  c o n t r i b u t i o n  to  th e  i o n i z a t i o n  by th e  
p h o t o e l e c t r o n s  from th e  chambers o f  a tom ic  number g r e a t e r  
th an  a i r .  T h is  c o n t r i b u t i o n  b e in g  in co m p le te  b ecause  o f  
th e  r a t h e r  l a r g e  (app rox .  1 .5  cm.) d im ensions  o f  the  
chambers r e l a t i v e  to  t h e  range  o f  th e  p h o t o e l e c t r o n s .
-  5 -
( 9 )S p ie r s  has s in c e  s u g g e s te d  t h a t  a l th o u g h  the  
m ix tu r e s  used  by Aly and W ilson have ap p ro x im ate ly  the 
a b s o r p t io n  c o e f f i c i e n t s  c a l c u l a b l e  from t h e i r  t h e o r e t i c a l  
e f f e c t i v e  a tom ic  numbers, they  w i l l  n o t  g iv e  r i s e  to  the 
e l e c t r o n  e m is s io n  to  be e x p e c te d  on accoun t  o f  the f a c t  
t h a t  cerium  o x id e  i s  u sed  f o r  l o a d in g  the  m i x tu r e s .
Because o f  th e  h ig h  energy r e q u i r e d  t o  remove th e  K 
e l e c t r o n  from ce r ium  (abou t  40 ekVc) th e  p h o t o e l e c t r o n s  
w i l l  have red u ced  e n e r g i e s .  T h i s  w i l l  cause  a reduced  
p h o t o e l e c t r i c  c o n t r i b u t i o n  t o  th e  i o n i z a t i o n  i n  th e  
chamber.
C o n s id e r in g  t h e s e  o b s e r v a t io n s  i t  seemed t h a t  in  
o rd e r  to i n v e s t i g a t e  th e  s u b j e c t  f u r t h e r  i t  i s  n e c e s s a ry  
(a )  to  s tudy  th e  i o n i z a t i o n  i n  chambers with  w a l l s  
composed o f  s imple e lem en ts  o f  v a r io u s  atomic numbers i n  
a d d i t i o n  t o  t h e  m ix tu r e s  p r e v i o u s l y  u se d  by Aly and Wilson 
and a t  the same time (b)  to  u se  a method which u se s  very  
sm all  i o n i z a t i o n  chambers or b e t t e r  s t i l l ,  has th e  p o s s i ­
b i l i t y  o f  e l i m i n a t i n g  the  e f f e c t  o f  chamber d im ens ions  
a l t o g e t h e r .
I t  seemed t h a t  th e  use  o f  an e x t r a p o l a t i o n  ty p e  o f  
chamber ( P a i l l a  Quimby ( H '  12)  ^ o f f e r e d  prom ise  o f
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a c h ie v in g  th e  e l i m i n a t i o n  o f  th e  e f f e c t  o f  chamber 
d im ensions  and w a l l  a b s o r p t i o n .  For t h i s  reason  a 
chamber o f  t h i s  t y p e  was deve loped  i n  a form which 
ap p e a red  most p r a c t i c a b l e  f o r  t h e  exper im en ts  t h a t  were 
c o n s id e r e d  n e c e s s a r y .
This  t h e s i s  d e s c r i b e s  th e  ex p e r im en ts  made w ith  
t h i s  type o f  chamber, u s in g  e l e c t r o d e s  o f  v a r io u s  
e lem ents  and o f  th e  same p r e s s e d  m ix tu r e s  used by Aly 
and Wilson and a t t e m p t s  to  e x p l a i n  the o b s e r v a t io n s
and c o r r e l a t e  them with  p r e v io u s  ex p e r im e n ta l  and 
t h e o r e t i c a l  work. I t  th u s  d i f f e r s  i n  an im p o r tan t  
p a r t i c u l a r  form th e  work of  P a i l l a  and Quimby who used 
on ly  a i r  w a l l  m a t e r i a l .
-  7 -
I I .  THE RATIO OF HIE IONIZATION CURRENTS
IN CHAMBER PAIRS OF DIFFERENT MTERIALS 
ACCORDING TO THE THEORY OF 
BRAGG AND GRAY
a . I n t r o d u c t i o n
The i o n i z a t i o n  produced by x - r a y s  i n  an a i r  f i l l e d  
c a v i t y  was f i r s t  s t u d i e d  by B r a g g w h o  found t h a t  the 
t o t a l  l e n g th  o f  the  t r a c k s  of the  /G -p a r t ic le s  in  m a t te r  
depends on the  n a t u r e  o f  the  s u b s ta n c e  i . e .  upon i t s  
a tomic number and n o t  i t s  d e n s i t y .  I n  o therw ords  he 
d e f in e d  the  range  of the /(?-pa r  t i d e s  in  terms of  the  
amount of  m a t te r  t r a v e r s e d  and n o t  the  d i s t a n c e  
t r a v e l l e d .  T h e re fo re ,  i f  an a i r  c a v i t y  i s  in t ro d u c e d  
i n  the  medium i t  w i l l  make no d i f f e r e n c e  to the  /3-ray 
d e n s i t y  w i th in  i t  u n l e s s  th e  a tom ic  number o f  the  
medium d i f f e r s  very much from t h a t  o f  a i r  o r  the  
p r e s s u r e  o f  the  a i r  i s  too g r e a t  so t h a t  a l a r g e  f r a c t i o n  
of  the  /3-ray energy  i s  used up in  p a s s i n g  th rough  the 
c a v i t y .  To av o id  t h i s  e i t h e r  th e  c a v i t y  sho u ld  be sm al l  
compared to  th e  range  o f  th e  e l e c t r o n  in  a i r  o r  th e  
p r e s s u r e  reduced ,  
b .  The Theory
Gray found t h a t  a v e ry  s im p le  r e l a t i o n  c o u ld  
be d e r iv e d  by t h e o r e t i c a l  r e a s o n in g  from c e r t a i n
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e x p e r im e n ta l  f a c t s  co nce rn in g  the lo s s  o f  energy by 
s w i f t l y  moving e l e c t r o n s .  E s s e n t i a l l y  the  same r e l a t i o n  
had been e n u n ic a te d  in  s l i g h t l y  d i f f e r e n t  terms a s  e a r l y  
as  1912 by S i r  W il l iam  Bragg .
I t  had been shown p r e v io u s l y  by Gray t h a t  the 
energy e q u i v a l e n t  o f  t h e  i o n i z a t i o n  p e r  u n i t  volume in  
th e  c a v i t y  i s  i  t im es  th e  X-ray energy  absorbed  p e r  u n i t  
volume o f  th e  s o l i d .  The d e r i v a t i o n  o f  t h i s  r e l a t i o n  i s  
somewhat len g th y ,  because  i t  i s  n e c e s s a r y  t o  e s t a b l i s h  
t h a t  the  i n t r o d u c t i o n  o f  a sm all  a i r  c a v i t y  i n t o  a s o l id  
medium does n o t  d i s t u r b  the  d i s t r i b u t i o n  as  r e g a rd s  
d i r e c t i o n  and v e l o c i t y ,  o f  th e  / Q - p a r t i c l e s  c r o s s i n g  the  
s u r f a c e  which has become a w a l l  o f  t h e  c a v i t y  (p i s  the 
r a t i o  of th e  energy  l o s t  by an e l e c t r o n  in  t r a v e r s i n g  a 
c e r t a i n  d i s t a n c e ,  a sm a l l  f r a c t i o n  o f  i t s  range in  the two 
media a i r  and s o l i d )
A ttem pts  have been  made to  e s t i m a t e  s e p a r a t e l y  
th e  c o n t r i b u t i o n s  to  i o n i z a t i o n  in  an e n c lo se d  volume, 
from the  g a s ,  from the c o r p u s c u l a r  r a d i a t i o n s  emerging 
from th e  s e v e r a l  w a l l s ,  from the  e f f e c t  o f  the  r e f l e c t i o n  
of  th e se  p a r t i c l e s  from the o p p o s i t e  f a c e s  of  the  volume 
and so on. I n  the  case  o f  a i r ,  the p r o p o r t i o n  of  t h e
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whole energy  l o s t  o r  ab so rb ed  which i s  p r e s e n t e d  by 
i o n i z a t i o n ,  has been the s u b j e c t  o f  n e a r l y  a s co re  of 
s e p a r a t e  e x p e r im e n ta l  i n v e s t i g a t i o n s  as w e l l  as  a very  
thorough t h e o r e t i c a l  t r e a tm e n t .  From a d e t a i l e d  
c o n s i d e r a t i o n  of th e  ev idence  th e r e  emerge the  fo l lo w ing  
c o n c lu s io n s  (G ra y ) .
(1) That th e  av e rag e  m e rg y  W l o s t  by a ^ - p a r t i c l e  f o r  
each io n  p a i r  formed, i s  c e r t a i n l y  n o t  f a r  from 
5«2 X 10 e rg s  (32 .5  e volts)^^^^ This  va lue  
might w e l l  be in  e r r o r  by 2 p e r  c e n t  in  the  l i g h t  
o f  ev idence  to  be p r e s e n t e d  l a t e r ,  a s l i g h t l y  
h ig h e r  v a lu e  i s  to be p r e f e r r e d .
W = 5*3 X lO"^^ e r g s .
= 33 e -  v o l t  has been
p r o v i s i o n a l l y  a d o p te d .
(2) That W i s  th e  same f o r  a l l  ^ p a r t i c l e s  having 
e n e r g i e s  between a thousand  and a m i l l i o n  v o l t s .(^5)
The f i r s t  c o n c lu s io n  e n a b le s  one to  i n f e r  th e  
energy in  e rgs  l o s t  by seco nd ary  e l e c t r o n s  in  p a s s in g  
th rough  any volume o f  a i r  from a measurement of  the t o t a l  
i o n i z a t i o n  produced in  a i r .
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The second i m p l i e s  t h a t  t h e  c o n v e r s io n  f a c t o r  from 
i o n i z a t i o n  to  ene rgy  i s  t h e  same over  a ve ry  wide range 
o f  ene rgy  o f  the  secondary  e l e c t r o n s  and hence o f  a l l  
q u a l i t i e s  o f  r a d i a t i o n  from th e  s o f t e s t  x - r a y s  to  th e  
h a r d e s t  ^ - r a y s .
The c o n c lu s io n  i s  t h u s  a r r i v e d  a t ,  t h a t ,  fo r  an 
i n f i n i t e l y  sm all  a i r  volume, t h e  t o t a l  energy ,  E, o f  
secondary  e l e c t r o n s  g e n e r a t e d  i n  u n i t  volume o f  th e  
medium i s  g iv e n  "by.
E S3 pAV. tJ.
o r ,
J  = - B .
PW   (1)
where J  i s  t h e  number o f  i o n  -  p a i r s  p ro d u ced  p e r  c . c .
i . e .  t h e  i o n i z a t i o n  p e r  u n i t  volume.
S in ce  t h e  r a t e  a t  which t h e  ch a rged  p a r t i c l e s  
( e l e c t r o n s )  l o s e  ene rgy  i s  duo to  t h e i r  e n c o u n te r in g  t h e  
e l e c t r o n s  o f  t h e  medium th ro u g h  which t h e y  p a s s ,  /> i s  
p r o p o r t i o n a l  to  t h e  e l e c t r o n  d e n s i t y  and i s  a s  f o l l o w s :
nn Si
n .  8 (2)
where n^ and n^ a r e  t h e  e l e c t r o n  d e n s i t i e s  o f  t h e  medium 
and the  a i r  r e s p e c t i v e l y  and 8% and S a r e  t h e  e l e c t r o n i c  
s to p p in g  power i n  t h e  medium and t h e  a i r  r e s p e c t i v e l y .
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S u b s t i t u t i n g  the  v a lu e  of p in  (1) we f i n d
'  = .........
n^S
B ut ,
E = n^ ( e %  + e ^ l )  I    (4 )
where I  i s  t h e  i n t e n s i t y  o f  r a d i a t i o n  f a l l i n g  on th e  
m a t e r i a l  and i s  c o n s id e r e d  c o n s t a n t  th ro u g h o u t  th e  
volume, and a r e  t h e  a b s o r p t i o n  s c a t t e r i n g  and
p h o t o e l e c t r i c  a b s o r p t i o n  c o e f f i c i e n t s  p e r  e l e c t r o n  
r e s p e c t i v e l y .
from ( 3 ) and ( 4 ) we have
T, ^1 (G<% + e ^ l ) l
HaS
S .n a .  I  .......... (5)= (e"-a + e-^ l) ^
E q u a t io n  ( 5 ) r e p r e s e n t s  t h e  i o n i z a t i o n  p e r  u n i t  
volume i n  a chamber s p e c i f i e d  by  t h e  d i f f e r e n t  c o e f f i c i e n t s  
on t h e  r i g h t - h a n d  s i d e .
I n  a c t u a l  p r a c t i c e  t h i s  r e l a t i o n  cann o t  bo  ex p e c ted  
to ho ld  e x a c t l y  b e c a u s e ,
( 1 ) The c o n t r i b u t i o n  to  t h e  i o n i z a t i o n  from x - r a y  energy  
abso rbed  i n  th e  g as  i s  n o t  e x a c t l y  e q u i v a l e n t  to  t h e  
energy  t h a t  would b e  abso rbed  i n  t h e  c o r re s p o n d in g
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volume o f  s o l i d .
(2) The s c a t t e r i n g  of th e  e l e c t r o n s  in  c r o s s in g  the
a i r  c a v i t y  w i l l  n o t  be th e  same a s  in  c r o s s i n g  the  
s o l i d  i f  th e se  a re  composed o f  e lem en ts  of d i f f e r e n t  
a tomic number.
C l e a r l y ,  the d i s t u r b i n g  i n f l u e n c e  o f  th e s e  two 
f a c t o r s  w i l l  be g r e a t e s t  when the  gas  and s o l i d  
a r e  composed of e lem ents  o f  w ide ly  d i f f e r e n t  atomic 
number and w i l l  be l e a s t  (a p p ro x im a te ly  ze ro )  when 
th ey  have the  same a tom ic  number.
E q ua t ion  (5) r e q u i r e s  e x p e r im e n ta l ly  t h a t
(1) The i o n i z a t i o n  per  u n i t  volume should  be independen t  
o f  th e  s i z e  of t h e  chamber.
(2) The i o n i z a t i o n  in  a g iv en  chamber should  be p ro p o r ­
t i o n a l  to gas p r e s s u r e  as  the  p r e s s u r e  i s  
reduced  below the  norm al v a lu e .
(3) The i o n i z a t i o n  i n  d i f f e r e n t  chambers should be 
p r o p o r t i o n a l  to the  energy  absorbed  pe r  u n i t  volume 
o f  the  w a l l  m a t e r i a l  and i n v e r s e l y  as  i t s  s to p p in g  
power.
S i m i l a r l y  f o r  an i o n i z a t i o n  chamber of a n o th e r  
m a t e r i a l ,  th e  i o n i z a t i o n  J 2 p e r  u n i t  volume i s  g iv en  
by:
— 13 ""
^2 -  { +  e ' 2 ) ( 6 )
The r a t i o  ” R*' o f  t h e  i o n i z a t i o n  c u r r e n t s  i n  th e  
two chrimbers w i l l  h e ,
R
J l
= + 0^2  ^ ^
o'^a + c'^1   ( 7 )
This  e q u a t io n  w i l l  h e  t r u e  o n ly  when no r e d u c t io n  
o f  i n t e n s i t y  duo to  a b s o r p t i o n  i n  t h e  w a l l s  o f  th e  
chambers t a k e s  p l a c e .
To a l lo w  f o r  t h e  a b s o r p t i o n  i n  t h e  w a l l s  e q u a t io n  
(7 ) becomes:
e"^a + e^2 8% g
e " a  +  e ^ l  _ / f '  ^  . ..............e
I f  a b s o r p t i o n  to  b e  a l low ed  f o r  i s  t r u e  a b s o r p t io n
o n ly  o r ,  u x
R” = G ^a + 6 ^ 2  ^ 1  ë
^2 _ X   (9)e"^a + c'*l g
I f  a b s o r p t i o n  to  b e  a l lo w ed  f o r  i s  t o t a l  a b s o r p t i o n
where x cm. i s  t h e  t h i c k n e s s  o f  t h e  p la n e  upper
e l e c t r o d e  (which i s  p e r p e n d i c u l a r  to  t h e  beam
d i r e c t i o n )  o f  t h e  e x t r a p o l a t i o n  chamber.
2
and,
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= (e^a + e^2 ) ^
/ \  = (e^a + e'^l )
a l s o ,
^  = (e°’s + e^a + e"^ 2 ) ^ 2
and,
^  = ( e ^ s  + e^ a  + e ^ l  ) n  ^
Thus,  ^ J
R = R #r
where, h  xr  2
r e
■  -o  T
R" = Rr '
r" = -2
where, h  x
r  2
Having e s t a b l i s h e d  t h e s e  e x p r e s s io n s ,  we proceed 
to e v a lu a te  th e  t h e o r e t i c a l  r a t i o  R o f  th e  i o n i z a t i o n  
c u r r e n t s .  Then e v a l u a t i n g  r  we d e te rm in e  R' t a k in g  in to  
account  the  a b s o r p t i o n  in  th e  w a l l s  of th e  p lan e  upper  
e l e c t r o d e .
I t  might be d e s i r a b l e  to add J  e^s in  t h e  t r u e  
a b s o r p t i o n  c o e f f i c i e n t  i n s t e a d  of  e'^s s in c e  t h i s  type o f  
s c a t t e r e d  r a d i a t i o n  would be s c a t t e r e d  e i t h e r  a t  th e  
upper  s u r f a c e  of  t h e  u p p e r  e l e c t r o d e  o r  a t  i t s  lower 
s u r f a c e  -  T h e re fo re ,
-  15 -  .
^2 = C2 + i e ' s )
^n d , /ji s
+ 4 e ^ s )
For e v a l u a t i n g  t h e  r a t i o  R and R” th e  d i f f e r e n t  
c o e f f i c i e n t s  ap p e a r in g  in  (7 ) and (8 ) were determined as 
f o l l o w s .
(c) T h e o r e t i c a l  D e te rm in a t io n  of th e  e f f e c t i v e  
Atomic Number of the  d i f f e r e n t  m ix tu re s
used  f o r  cham bers .
We r e q u i r e  to d e te rm in e  th e  a tom ic number of the 
d i f f e r e n t  m ix tu re s  used f o r  th e  c o n s t r u c t i o n  o f  th e  chambers. 
A s ta te m e n t  o f  ’’e f f e c t i v e  atomic number o f  p re s s e d  
m a t e r i a l s  r e p l a c e s  t h e  atomic number Z which i s  used  f o r  
s im ple  e le m e n ts .
This d e t e r m i n a t i o n  should be based  on a c o n s i d e r a t i o n  
of  th e  x - r a y  a b s o r p t i o n  c o e f f i c i e n t  s in c e  Z i s  one of th e  
fundam enta l  f a c t o r s  govern ing  the  a b s o r p t i o n  in  a medium.
The two components of  t h e * a b s o r p t i o n  c o e f f i c i e n t  a r e :
(1) The s c a t t e r i n g  a b s o r p t i o n  c o e f f i c i e n t  ”cr”
(2) The p h o t o e l e c t r i c  a b s o r p t i o n  c o e f f i c i e n t  ’’t ”
I t  i s  w e l l  known t h a t  f o r  th e  range of w ave leng ths  
used in  t h i s  i n v e s t i g a t i o n  (range from = 0 .5  Vp to Xe=
0.08 A^) th e  fo rm er  i s  independen t  of th e  a tom ic  number.
— l6  —
While th e  l a t t e r  depends on i t  to  a l a r g e  e x t e n t .  As 
a r e s u l t  Z i s  u s u a l l y  d e r iv e d  from th e  r e l a t i o n  between 
T  & 2
Workers in  t h i s  f i e l d  have proposed v a r io u s
form ulae f o r  t h i s  r e l a t i o n  which lead  to  d i f f e r e n t  v a lu e s  
f o r  Z . The e x p r e s s io n  we have used f o r  c a l c u l a t i n g  Z i s  
based on W a l t e r ’ s fo rm u la  (^8 ) ,
r  = 2 . 6k
_ 2. 9k I 2. 9k
2 =
where, i s  the  f r a c t i o n a l  c o n te n t  o f  e l e c t r o n s  f o r  an
element o f  atomic number Z , and 5  i s  made f o r  a l l  the
elements p r e s s e d  in  th e  compound.
d . The e l e c t r o n  D e n s i ty  of th e  Chamber 
Wall m a t e r i a l .
( i )  For s im p le  e lem ents
The e l e c t r o n  d e n s i t y  o f  th e  s im p le  e lem ents  was
determined from the fo l lo w in g  fo rm ula
= NZ e l e c t r o n  /  c . c .
m 23
where N i s  Avogadro’ s number and equ a l  to 6 .0 6  x 10 ,
Z i s  th e  a tom ic  number of atomic w e igh t  m and i s  the
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d e n s i t y  i n  g m . / c . c .
The f o l l o m n g  t a b l e  i n c l u d e s  t h e  d a ta  f o r  






n„ e / c . c .0 7X 10^3
Carbon 6 12 2 .3 0 6« 969
Aluminium 13 26.97 2 .7 0 7 . 886
Copper
1
29 63.57 8 .9 3 24.67
We n o t i c e  t h a t  t h e  e l e c t r o n  d e n s i t y  v a r i e s  r a p i d l y  
w i th  t h e  d e n s i t y  o f  th e  element*
( i i )  For p l a s t i c  m ix tu r e s
The e l e c t r o n  d e n s i t y  o f  t h e  chamber w a l l  m a t e r i a l  
was d e te rm in ed  from th e  fo l lo w in g  fo rm u la  (^ 9 ) .
n, = — e* /c .c *
M
where n^ i s  t h e  number o f  e l e c t r o n s  i n  t h e  m o le c u le s  o f  
weight  M and d e n s i t y
The f o l l o w in g  t a b l e  i n c l u d e s  t h e  d a t a  f o r  
c a l c u l a t i n g  t h e  e l e c t r o n  d e n s i t y  o f  t h e  p l a s t i c  m ix tu res#




^  /  g m . / c . c .
n e . / c . c .
. 1 0 ^ 3
(1) 7 .6 4 4 6 .9 24 .87 1.44 4 .63
(2) 12 .84 46 .9 2 4 .84 1.44 4 .63
(3) 17.04 47 .75 25 .13 1.449 4 .6 3
(4) 2 0 .84 49 .1 5 25 .7 4 1.46 4 .6 4
From th e  p re v io u s  t a b l e  we n o t i c e  t h a t  the  e l e c t r o n  
d e n s i t y  i s  in d e p e n d e n t  o f  th e  d e n s i t y  f o r  t h e  k in d  of  
p l a s t i c  u sed .
e .  D e te rm in a t io n  of The a b s o r p t io n  c o e f f i c i e n t s  
f o r  v a r io u s  w a l l  m a t e r i a l
I f  a beam of monochromatic h igh  v o l t a g e  r a d i a t i o n  
f a l l s  on an a b s o r b e r  i t  i s  abso rbed  a c c o rd in g  to an 
e x p o n e n t i a l  law, so t h a t  i f  Iq i s  the  i n c i d e n t  i n t e n s i t y  
o f  r a d i a t i o n  and I i s  t h e  i n t e n s i t y  a f t e r  p a s s in g  
th rough  a t h i c k n e s s  d of  m a t e r i a l ,  we may w r i t e
 ( 1 )
W h e r e i s  a c o n s t a n t  f o r  the m a t e r i a l  and i s  
c a l l e d  the  t o t a l  l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  the 
r a d i a t i o n  in  q u e s t i o n .  This c o n s t a n t  r e p r e s e n t s  the
I  =
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t o t a l  a b s o r p t i o n  t h a t  o ccu rs  and may be reg a rd ed  as 
t h a t  f r a c t i o n  of th e  ene rgy  of the  beam which i s  removed 
p e r  u n i t  volume of t h e  m a t e r i a l  i t  t r a v e r s e s .
In  th e  range of w ave leng ths  w i t h  which we a r e  
concerned  i s  a c t u a l l y  made up of two s e p a r a te  
p h y s ic a l  p r o c e s s e s  known as p h o t o - e l e c t r i c  a b s o rp t io n  
and s c a t t e r i n g  a b s o r p t i o n .  There i s  a l i n e a r  a b s o rp t io n  
c o e f f i c i e n t  which r e p r e s e n t s  each of  th ese  p ro c e s s e s ,  a 
c o e f f i c i e n t  w r i t t e n  as  f o r  p h o t o e l e c t r i c  a b s o rp t io n  
and ’’cr” f o r  s c a t t e r i n g  a b s o r p t i o n .
The s c a t t e r e d  r a d i a t i o n  i s  of two d i s t i n c t  k inds  
which a re  u s u a l l y  r e f e r r e d  to  as  t r u l y  s c a t t e r e d  
r a d i a t i o n  and a b s o r p t i o n  s c a t t e r e d  r a d i a t i o n .  I t  i s  
customary to  r e p r e s e n t  t h e  m agnitudes  o f  th e  t r u l y  
s c a t t e r e d  r a d i a t i o n  and the  a b s o r p t i o n  s c a t t e r e d  
r a d i a t i o n  by th e  l i n e a r  c o e f f i c i e n t s  ” ^^s“ and 
r e s p e c t i v e l y  i . e .
cr = (Tg +o"a
and;
= t  -fo-g 4*
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( i )  The e v a lu a t i o n  o f  e'^s and e^a
”e ^ a ” t h e  s c a t t e r i n g  a b s o r p t i o n  c o e f f i c i e n t  p e r  
e l e c t r o n  and ’'e ^ ” th e  t r u l y  s c a t t e r e d  c o e f f i c i e n t  p e r  
e l e c t r o n  a r e  b o th  in d ep en d e n t  o f  the co m p os i t io n  of th e
s c a t t e r e r  b u t  dependent on the range of the  wavelengths
,  . (2 1 , 2 2 , 2 3 ) used in  t h i s  i n v e s t i g a t i o n
The most s u i t a b l e  e x p r e s s io n s  f o r  c a l c u l a t i n g
'*e^s” and ”e'^a‘* a r e  those  g iv e n  by th e  well-known form ulae
of  K le in  and N is h in a  They a r e  based on th e  r e l a t i v i s t i c
theory  of th e  e l e c t r o n ,  namely:
o^s = 2 1 + Q f T2 (1  + Q.) _ 1 l o g ( l  + 2Q)'
1 L 1 + 2Q Q
and,
. 1 log  (1 + 2Q) 1 + 3Q p
+ 2Q e (1  +
2 { 2 ( 1  + Q) 1 + 3Q + (1 + Q ) ( l  + 2Q-2q2)
q2 (1 + 2Q) (1 + 2Q)2 q2 (1 + 2Q)
3 (1 + 2Q)^
l o g ( l  + 2Q)\




tn = 9.1066 X 10"28 gm.
c = 2 .9977 X 10^° cm /sec .
-27h i s  P l a n c k ’ s c o n s t a n t  = 6.62U x 10 e r g s .  s ec .
e i s  the charge  o f  the  e l e c t r o n  = U.80 25 x 10~^^ e . s . u .
The followinp* v a lu e s  of  ^e s^** and ^^e^a* a t  d i f f e r e n t
Vs a r e  computed from th e  p r e v io u s  fo rm u la e .
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TABLE ( 1)
The v a l u e s  o f  e^ s ,  e^a and q a t  d i f f e r e n t  X s i n  
t h i s  t a b l e  a r e  used  th ro u g h o u t  t h e  p r e s e n t  i n v e s t i g a t i o n .
\ i n .
x.u.
1025 e*^ a X 10 ^ 25e'^s X 10 \ i n .
x.u.
e"x 10^^ e'^a X 10^^ e'^s X 10^^
10 1 .9 0 .89 1 .01 190 5 .37 0.5538 4.832
20 2 .6 4 0 .9 8 1.66 200 5 .4 2 0.520 4.900
30 3 .12 0 .982 2.138 210 5 .46 0.505 4.955
40 3 .5 0 .955 2.545 220 5 .5 1 0.490 5 .02
50 3.78 0 .92 5 2 .855 230 5 .5 5 0.475 5.075
60 4.02 0 .885 3.135 240 5 .5 9 0.465 5.125
70 4.22 0 .85 3 .3 7 250 5 .6 3 0.450 5.18
80 4 .4 0.815 3 .585 260 5 .66 0.440 5.22
90 4 .54 0 .785 3 .755 270 5 .6 8 0.428 5.252
100 4 .67 0 .7 5 3 .9 2 0 300 5 .7 6 0.395 5.365
110 4 .78 0 .7 2 4 .060 320 5 .8 1 0.380 5.43
120 4 .8 9 0 .69 4 .2 0 340 5 .8 6 0.365 5.495
130 4.98 0.66 4 .3 2 360 5 .9 0 0.340 5.56
140 5 .0 7 0.638 4 .432 380 5 .9 3 0 .330 5 .6  ,
150 5 .1 4 0 .615 4 .525 400 5 .9 6 0.3187 5 .6 4 1
160 5 .2 0 .595 4 .605 420 5 .9 9 0 .306 5 .684
170 5 .26 0 .575 4.685 440 6 .0 0 0.296 5 .7 0 4
180 
1----------------
5 .3 0 .555 4 .745 500 6 .0 8 0.267 5.813
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( i i )  E v a lu a t io n  of the  p h o t o e l e c t r i c  a b s o r p t i o n
c o e f f i c i e n t  p e r  e l e c t r o n
The p h o t o e l e c t r i c  a b s o r p t i o n  c o e f f i c i e n t  i s  dependent 
bo th  upon the  co m p o s i t io n  of  the a b s o rb e r  and the wavelength 
of  the  i n c i d e n t  r a d i a t i o n .  I t  i s  r e f e r r e d  to  as t r u e  
a b s o r p t i o n  s in ce  the  whole energy of the quantum i s  
abso rbed  w i th in  the  atom w ith  the e j e c t i o n  of  a pho to ­
e l e c t r o n .
For e l e m e n t s ,T  , was o b ta in e d  from ex p e r im e n ta l  
va lues  of the  t o t a l  a b s o r p t i o n  c o e f f i c i e n t  h  which =
T + cr . Thus by s u b t r a c t i n g  from th e s e  e x p e r im e n ta l  
v a lu es  the  t h e o r e t i c a l  ' 'K le in  -  N i s h in a ” v a lu e s  o f  
are o b t a i n e d •
For v/avelengths exceed ing  0 .2  iP  9 the  s c a t t e r i n g  
e x p e r im e n ta l ly  observed  exceeds  th e  K le in  -  N ish ina  
s c a t t e r i n g ,  owing to  the  c o h e re n t  s c a t t e r i n g .  However, 
f o r  wavelengths  long enough f o r  th e  d i f f e r e n c e  to  be 
s i g n i f i c a n t ,  the  s c a t t e r i n g  c o e f f i c i e n t  i s  so much l e s s  
than  the  p h o t o e l e c t r i c  c o e f f i c i e n t  t h a t  l i t t l e  e r r o r  
i s  made in  the e s t i m a t i o n  of the  l a t t e r  by the  u se  of 
the K le in  -  N ish in a  fo rm u la .
For c a l c u l a t i n g  T  , (^5, 26, 27, 28, 18) 
measured v a lu e s  of a r e  n o t  a v a i l a b l e  s e v e r a l  fo rm ulae
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have b e e n  d e r iv e d  b a s e d  on ex p e r im e n ta l  d a ta  b u t  none 
o f  them cover  a r e l a t i v e l y  wide ra n g e  o f  w ave leng ths  o r  
atomic numbers r e a l l y  w e l l .
The most s a t i s f a c t o r y  e x p r e s s i o n  seems to  be  t h a t  
g iven  r e c e n t l y  by V i c t o r e e n  ^^9) namely:
I  = ^ 2 ^  (2Z) _ ^ 2 5  (22)
p  ^A  ^  ^ A ^
T h is  fo rm u la  h o ld s  f o r  a l l  a tomic numbers when
s u i t a b l e  v a l u e s  f o r  t h e  c o n s t a n t s  cX and f i  a r e  chosen,
p ro v id e d  t h e  w av e leng th  o f  t h e  r a d i a t i o n  used  i s  l e s s
than  th e  K a b s o r p t i o n  l i n e .
(2Z) c o r r e c t s  f o r  th e  p r e s e n c e  o f  th e  i s o t o p e s  
T
and A i s  t h e  atomic w e ig h t .
0C^ = a Z ^ + b Z - c  
= d — eZ + f  
The v a l u e s  o f  CX a n d / ?  change a t  each c r i t i c a l  
w aveleng th .  The c o n s t a n t s ,  a ,  b ,  c ,  d, e, and f  change 
a l s o  a t  each c r i t i c a l  w ave leng th  and on each  s i d e  o f  
Z = 5*
The v a lu e s  o f  th e  c o n s t a n t s  used  i n  c a l c u l a t i n g  
th e  p h o t o e l e c t r i c  a b s o r p t i o n  c o e f f i c i e n t  a r e  t h o s e  
c o r re s p o n d in g  to  Z>5, s i n c e  we a r e  i n t e r e s t e d  o n ly  i n  
m a t e r i a l s  o f  atomic number g r e a t e r  th a n  5*
r 25 T
a = 0 ,00004  
b = 0.00728 
c = 0 .0114 
d = 0.00038 
e = 0.00152 
f  = 2 .350
The v a lu e s  o f Te a r e  then  o b ta in e d  from the  fo l lo w in g  
fo rm ula ,
I
6 . 0 6  X 10^3 n , ^
M
^  ______M________
P  6 .0 6  X 10^3 n,,M
For w ave leng ths  g r e a t e r  than  the K a b s o r p t i o n  l i m i t  
th e  v a lu e s  o f  ^  ^ then  o b t a in e d  from th e  fo l lo w in g  
form ula  (30)
e'^L =
where r ^  i s  th e  a b s o r p t i o n  jump r a t i o .
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TABLE (2)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  Carbon
-  ( e^a
f> = 2 .3 0  g m /c .c .  n = 6 .969  x 10^^ e . / c . c .
X i n  A° ^ e  + e'^a "^ e + e°"a 
X 10^5
y
0.01 0.0268 0.6163 0.04295 0.0781
0.02 0.0295 0.6785 0.04729 0 .1051
0.03 0.0296 0.6808 0.04744 0.1219
0 .04 0.0288 0 .6624 0.04617 0.1349
0 .05 0 .0279 0.6417 0.04473 0.1442
0.06 0.0269 0.6187 0.04312 0 .1523
0.08 0 .0249 0 .5727 0.03991 0.1648
0.10 0.0235 0 .5h05 0.03767 0.1743
0.12 0 .0224 0.5152 0.03591 0.1822
0.15 0.0216 0.4968 0.03462 0 .1923
0 .20 0 .0230 0 .5290 0.03687 0 .2076
0 .25 0 .0281 0 .6463 0.04504 0 .2255
0 .30 0.0372 0.8556 0.05964 0 .2466
0.35 O.05O8 1.1684 0 .0 8 139 0 .2737
0 .4 0 0.0702 1.6146 0.1126 0 .3091
0.45 0.0955 2.1965 0.1531 0.3528
0 .5 0 0 .1280 2 .944 0 .2051 0.4077
r 2 /  -
TABLE (3)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  Aluminium 
— (e^a + ^  ) -^z  
^  = (e<^a +"%+ ieCTs+ i  K) n^
= 2 .7  g m . / c . 0 . n  = 7*886 x 10^3 e . / c . c
Z
\  in  A? l e  + e<^ a ("^ e + e^a) 
X 10^5
X Z'
0 .01 0 .0260 0.702 0.05535 0.1037
0.02 0.0287 0.774 0.06102 0.1345
0.03 0.0288 0 .779 0.06142 0.1547
o.oh 0.0284 0 .768 0.06056 0.1693
0.05 0.0278 0.752 0.05929 0.1817
0.06 0.0275 0.743 0.05859 0.1928
0.08 0.0278 0 .750 0.05914 0.2145
0.10 0.0303 0.820 0.06466 0.2363
0.12 0 .0359 0 ,970 0.07649 0.2642
0.15 0.0497 1.340 0.1056 O.32O8
0.20 0.0967 2 .610 0.2058 0 .4594
0.25 0 .180 4 .860 0.3832 0.6916
0.30 0 .307 8 .3 0 0.6545 1.0522
0.35 0 .504 13.6 1.073 1.5665
o.ho 0 .760 20.5 1.616 2 .233
0.45 1.115 30.1 2.373 3.1315
0 .50 1.55 4 1 .9 3 .304
. -----------------,----------------------------
4.237
K i s  the  c o h e re n t  c o e f f i c i e n t
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TABLE (4)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  copper .  
“ (e^a "*"^ e)
^  ^ (e^a "'"'e ie^-s^^z
/O = 8 .9 3  g m . / c . c . n = 24.67 X 10^^ e . / c . c .  z
\ i n  A^. X 10^5 X A
0.01 0.9361 0.2309 0.3555
0.02 1.137 0.2805 0.4853
0 .0 3 1.268 0.3127 0.5764
0 .0 4 1.509 0.3723 0.6862
0.05 1.888 0.4658 0.8179
0 .06 2.46 0.6068 0 .9934
0.08 4 .281 1.0557 1.4979
0 .10 7 .19 1.773 2 .2565
0.12 11.61 2 .864 3.382
0 .1 5 21.83 5 .38 4 5 .942
0 .20 4 7 .4 11.691 12.2955
0 ,25 88.06 21.723 22.3615
0 .30 151.9 37.477 38.1385
0 .35 245 60.439 61 .12
0 .4 0 357 .2 88.108 88 .804
0 .45 492 .9 121.586 122.298
0 .50 663.3 163.566 164.283
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TABLE (5)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  th e  
chamber o f  e f f e c t i v e  atomic number 7 .6 4
^  “ (e^a
^  = (e^a +%+ t
= 1 .44 g m . / c . c .  n = 4«65 x 10^^ e . / c . cz
X in  A° '^e X 102G 
v i c t
( i  + e<=^ a)
X lO^G
A
0.04 0.055 9 .6250 0.0447 0.1039
0.06 0.185 9 .0450 0.0421 0.1150
0.08 0.4365 8.5885 0.0399 0.1233
0.10 0.855 8 .343 0.0388 0.1300
0,12 1.47 8 .376 0.0389 0.13655
0.15 2 .84 8.978 O.04I 8 0.147
0.20 6 .69 11.915 0.0554 0.1694
0.25 11.95 17.45 0.081 0.2014
0.30 22 .20 26 .15 0 .122 0.2468
0 .35 34 .80 38 .292 0 .178 0.3063
0.40 51 .50 54.687 0.254 0.385
0.45 72.9 75.803 0 .353 0.486
0 .50 9 9 .0 101.668 0.473 O.6O8
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TABLE (6)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  
chamber of e f f e c t i v e  atomic number 12.84 
“ ( e ^  *^ e^ )
= 1*44 g m . / c . c .  n = 4 .6 3  x 10^^ e . / c . c .
X in  A°. ^ X  10^^ 
V ie t
( ^ +  e^a)
X 10^°
a '
0.04 0.272 9.8420 0.04557 0.1045
0.06 0.9175 9.7775 0.04528 0.1179
0.08 2 .18 10.3320 0.04783 0.1308
0.10 4.25 11.738 0.05437 0.1451
0.12 7 .3 0 14.206 0.06580 0.1630
0.15 14.31 20.448 0.09469 0.1994
0.20 33 .80 39.103 O .I8 O6 0.294
0.25 65 .88 71 .380 0.3306 0.4505
0.30 LI3 .3 117.25 0 .5431 0.6673
0.35 179.5 182.995 0.8474 0.9752
0.40 43.25 46 .44 0 .215 0.3456
0.45 61 .52 64.42 0.2983 0.4311
0.50 83 .99 86 .66 0.4013 
_____________ 1
0.5357
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TABLE (7)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t s  fo r
chamber o f  e f f e c t i v e  a tom ic  number 1 7 . 01)..
= ('^0 + e*^a)
^  “ ( t e  ^ e^$ ) ^z
= 1.UU9 g m /c .c .  n„ = U*o3 x 10^3 e . / c . c .
A in  i %  X 10^^v i c t .
(<e + e % )
X 102d A
0.04 0.743 10.313 0.04774 0,1067
0.06 2 .5 0 11.360 0.05260 0,1252
0.08 5 .9 0 14.052 0.06504 0.148
0.10 11.48 18.968 0.08784 0.1786
0.12 19.78 2 6 .686 0.1233 0.2206
0.15 38 .43 24.568 0 .2064 0.3112
0.20 90 .40 95.625 0.4428 0.5563
0.25 175.0 180.5 0.8358 0.9557
0.30 299.2 303 . 15. 1 .404 1.5282
0.35 471.5 474.992 2 .20 2.3278
0.40 113.0 116.19 0,538 0.6686
0.45 159.3 162.20 0.7511 0.8839
0.50 217.2 219.87 1.018 1.153
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TABLE (ô)
The l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  f o r
chambers o f  e f f e c t i v e  atomic number 20. ÔU*
/■ = (e^a ^
,23= 1 .U6 g m . / c . c .  n = h*6U x 10 e . / c . c .
z
X i n X 10^^




0 .0 k 1.415 10.985 0.05099 0.11
0.06 4 .76 13.620 0.0632 0.1359
0.08 11.32 19.472 0.09035 1.735
0.10 22 .15 29.638 0.1375 0.2285
0.12 37.55 44.456 0.2063 0.3037
0.15 73.05 79 .188 0.3675 0.4725
0 .20 172.2 177.425 0.8231 0.9368
0.25 33 4 .0 339 .5 1 .575 1.695
0.30 572 .0 575.95 2.673 2.798
0.35 900 903.49 4 .192 4 .3 2 0
0.40 216.5 219.69 1.020 1 .150
0.45 304.7 307 .60 1.428 1 .561
0.50 
--------- -------
416 .0 418.67 1.943 2.077
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( f ) The s to pp ing  power p e r  e l e c t r o n  
The s to p p in g  power p e r  e l e c t r o n  has been 
i n v e s t i g a t e d  by many i n v e s t i g a t o r s  e i t h e r  t h e o r e t i c a l l y  
o r  e x p e r im e n ta l ly  and seems to p r e s e n t  p r a c t i c a l  
d i f f i c u l t i e s .
Madgwick measured the  s to p p in g  power
r e l a t i v e  to a i r  and came to the  c o n c lu s io n  t h a t  i s  
independen t  o f  th e  atomic number from = 13 to 
” z” = 79 (s  showed l i t t l e  tendency to  d e c re a se  as Z 
in c re a s e d )  •
L a te r  Gray conc luded  t h a t : -
(1) The r e l a t i v e  s to p p in g  powers o f  any two media a r e  
independen t  o f  the  speed of  t h e  p a r t i c l e s .
(2) I t  i s  in depen d en t  of  the  w ave leng th  of th e  r a d i a t i o n  
w hatever  the n a t u r e  of th e  w a l l  m a t e r i a l  may be to 
an a c cu rac y  o f  1 o r  ^
(3) There i s  a change of ab o u t  9^ from Z = 6 to Z = 13 
and a n o th e r  dfc between Z= 13 and Z = 29#
(h) The e x p e r im e n ta l  r e s u l t s  a r e  in  good agreem ent  w ith  
B e th e ’ s t h e o r e t i c a l  v a lu e s
The fo l lo w in g  v a l u e s  o f  th e  r a t i o  o f  t h e  s to p p in g  
powers f o r  v a r i o u s  atomic numbers a r e  c a l c u l a t e d  from 
Gray ' s v a l u e s  o f  "S'*.
-  34 -
S (6) = 1 .09  S (6 ) = 1 .19
8(13) S T ^
S (6 ) = 1.026 S (6 ) = 1.08
8 ( 7 .6 4 )  8^(12.84)
^  S (6 )  = 1.112 8 (6 > = 1.128
8(17 .04 )  sT 2 0 .8 4 )
(g) C a l c u l a t i o n  of the  r a t i o  of th e  i o n i z a t i o n  
c u r r e n t
The t h e o r e t i c a l  r a t i o  of th e  i o n i z a t i o n  c u r r e n t s  
(see p 13) were c a l c u l a t e d  by s u b s t i t u t i n g  the va lu es  
of the r a t i o  of s to p p in g  powers t o g e t h e r  w i th  the  v a lu es  
o f  the q u a n t i t i e s  and ( c o l l e c t e d  in  the p re v io u s
t a b le s  (1, 2 , 3 , h, 5 , 6 , 7 , 8 ))  in  e q u a t io n  (7 ) p . ( 13) .
These r a t i o s  should  ag re e  f a i r l y  w e l l  w i th  exp e r im en ta l  va lues  
i f  the th e o ry  i s  a f u l l  e x p la n a t io n  of the  whole f a c t s ,  
p rovided  of cou rse  t h a t  the  e x p e r im e n ta l  c o n d i t io n s  a re  
such t h a t  th e y  f u l f i l  th e  e s s e n t i a l  re q u i r e m e n ts  of th e  
th eo ry .
The fo l lo w in g  t a b l e s ,  (9, 10, 11, 12, 13, Ih) 
r e p r e s e n t  t h e  c a l c u l a t e d  r a t i o  of the i o n i z a t i o n  c u r r e n t s  
f o r  th e  d i f f e r e n t  s im ple  e lem ents  and b a k e l i t e  m ix tu res  
used in  our i n v e s t i g a t i o n .
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I I I ,  EXPERIMENTAL DETERMINATION OF THE RATIO "R"
( a ) The p r o c e s s i n g  o f  th e  p r e s s e d  e l e c t r o d e
The d e t a i l s  o f  t h i s  have a l r e a d y  been d e s c r ib e d  
by Aly and Wilson The b a k e l i t e  s y n t h e t i c  r e s i n  was
o b ta in e d  from Messrs " B a k e l i t e  L t d " . ,  t h e  vanadium oxide
(V^C^) and th e  ce r ium  o x id e  (Go O2)from Messrs G r i f f i n  and 
Tatloclc, and the  g r a p h i t e  from Messrs Oromile and P ie r c y .  
The l a t t e r  was g u a r a n te e d  v e r y  p u re .
E le c t ro d e s  were made from th e  m ix tu re s  g iven  i n  
the  fo l lo w in g  t a b l e  which a re  i d e n t i c a l  m ix tu re s  to  th o se  
a l r e a d y  used  by A l y (7)
No. C om posit ion
Z c a l c u l a t e d  
on b a s i s  o f
100 gm. o f b a k e l i t e
1 20 It II g r a p h i t e 7.61*1 2 n II V2O5 ■
100 gm. o f b a k e l i t e
2 20 II II g r a p h i t e 12 . %
2 II II 0 eO^
100 gm. o f b a k e l i t e
3 20 II II g r a p h i t e 17 . ou
5 II II G eOg
100 gm. o f b a k e l i t e
k 20 II II g r a p h i t e 20. 84
10 II II G0O2
THE LOWER ELECTRODE MOULD





0  7 CM.
2  CM.
I I C M .
miji i  in,
2-28 CM.
Figure ( l ) .
THE U P P E R  E L E C T R O D E  M O U L D
•2 c m . '
9 C M .
5 8 5  CM .
' 0  2  CM.
0 - 6 cm § m, r .,CMm
C M .
Figure (2).
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' The " b a k e l i t e  r e s i n  was f i r s t  g round  i n  a b a l l  m i l l ,  
f o r  a b o u t  tw e lv e  h o u r s .  I t  was th e n  s i e v e d  th ro u g h  a mesh 
60 to  t h e  i n c h .  The f i n e  b a k e l i t e  powder so o b t a i n e d  was 
mixed w i t h  t h e  g r a p h i t e  and t h e  n e c e s s a r y  amount o f  VQ 0^ 
and Ce Og. The c o m p le te  m ix tu r e  was p l a c e d  i n  t h e  b a l l  
m i l l  and g ro u n d  f o r  a n o t h e r  tw e lv e  h o u r s  to  en su re  good 
mixing.
The moulds i n  w hich  t h e  lo w e r  ( c o l l e c t i n g )  and 
upper  e l e c t r o d e s  were moulded a r e  shown i n  f i g s  ( l  & 2 ) .  
These were made o f  h ig h  t e n s i l e  s t e e l .  The mould was 
f i r s t  warmed on a b u n s e n  f la m e  and l u b r i c a t e d  w i th  
p a r a f f i n  wax a f t e r  w hich  i t  was f i l l e d  w i th  a weighed 
amount o f  powder.  I t  was t h e n  p u t  i n  a s u i t a b l e  h y d r a u l i c  
p r e s s  and h e a t e d  b y  a g a s  r i n g  up to  a b o u t  200^0. 
S im u l t a n e o u s ly  t h e  p r e s s u r e  was r a i s e d  g r a d u a l l y  up to  
about  2500 pounds to  t h e  s q u a re  i n c h .  Under t h e s e  
c o n d i t i o n s  t h e  s y n t h e t i c  r e s i n  p o l y m e r i s e s ,  p a s s e s  i n t o  
a s t a t e  o f  f l u x  and t a k e s  t h e  shape  o f  t h e  mould. A f t e r  
t h i s  i t  was k e p t  i n  t h e  mould u n t i l  i t  became a h a r d  
s o l i d  m a t e r i a l .  The t im e  r e q u i r e d  f o r  t h e  p o l y m e r i z a t i o n  
was ab o u t  8 m in u te s ,  3 under  h e a t  and p r e s s u r e ,  and 5 
under  p r e s s u r e  a l o n e .
T H E  EXTRAPOLATION IONIZATION CHAMBER
lO CH.







^  E B O N I T E
TELCOTH EN Ea BRASS
ALLOY A I R
Figure (3).
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A f t e r  p r o c e s s i n g  t h e  e l e c t r o d e s  may h e  removed from 
the  mould. The m ethod o f  c o n s t r u c t i o n  e n a b le s  t h e  
e l e c t r o d e s  t o  h e  made e x a c t l y  to  one p a t t e r n .
The t h i c k n e s s  o f  t h e  u p per  e l e c t r o d e  can  h e  
i n c r e a s e d  h y  i n c r e a s i n g  t h e  c h a r g e  o f  powder and d e s ig n  
o f  t h e  u p p e r  p o r t i o n  o f  th e  mould. ( f i g .  2 . )
( h ) The E x t r a p o l a t i o n  I o n i z a t i o n  Chamher
The e x t r a p o l a t i o n  i o n i z a t i o n  chamber used 
f o r  t h e s e  e x p e r im e n ts  i s  shown i n  f i g u r e  ( 3 ) .
The g u a rd  r i n g  was a d i s c  o f  p e r s p e x  (10 cm. i n  
d iam e te r  and t h i c l m e s s  3 mm.) c o a t e d  w i t h  dag^
( c o l l o i d a l  g r a p h i t e ) .  T h i s  h e l p s  p r o v i d e  a u n i fo rm  
e l e c t r o s t a t i c  f i e l d  o v e r  t h e  e n t i r e  a r e a  o f  the  c o l l e c t i n g  
e l e c t r o d e .  The c o l l e c t i n g  e l e c t r o d e  i s  co n n e c te d  to  t h e  
c u r r e n t  m e a su r in g  i n s t r u m e n t  t h r o u g h  a v e r y  f i n e  t e l c o t h e n e  
c a b l e  i t s e l f  i n s u l a t e d  h y  p a x o l i n e  and r u h h e r .  The w i re  does 
n o t  e x te n d  to  th e  s u r f a c e  o f  t h e  c o l l e c t i n g  e l e c t r o d e  h u t  
good e l e c t r i c a l  c o n t a c t  i s  e f f e c t e d  h y  s o l d e r i n g  i t  t o  a 
screw screwed to  a h l o c k  o f  l e a d  on which t h e  lo w e r  
e l e c t r o d e  cap i s  i n s e r t e d .  The sp ac e  h e lo w  t h e  lo w er  
e l e c t r o d e  and b e tw e en  i t  and th e  g u a r d  r i n g  was f i l l e d  
w i th  a h l o c k  o f  d i s t r e n e  to  p r o v i d e  good i n s u l a t i o n .
LEAD
B R A S S
EBONI TE
A M B E R
a l c a t h e n e
T H E  M O N I T O R
Figure (4).
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I t  was n e c e s s a r y  to  l e a v e  a sm a l l  a i r  space  a t  
th e  j u n c t i o n  o f  t h e  w i r e  and th e  screw i n  o r d e r  to p r o v id e  
s u i t a b l e  i n s u l a t i n g  s u r f a c e s .  I n  o r d e r  to  reduce  i o n i z a t i o n  
l o s s e s  i n  t h i s  s p a c e  t o  n e g l i g i b l e  p r o p o r t i o n s  a d i s c  o f  
l e a d  9 mm. t h i c k  was mounted  d i r e c t l y  b e n e a t h  th e  low er  
e l e c t r o d e  to  p r e v e n t  r a d i a t i o n  r e a c h i n g  t h e  a i r  space .
I n  o r d e r  t o  p r o v i d e  s im p le  and  p r e c i s e  ad ju s tm en t  
o f  th e  s p a c in g  b e tw e e n  t h e  e l e c t r o d e s ,  e b o n i t e  r i n g s * o f  
d i f f e r e n t  t h i c k n e s s  r a n g i n g  from  O.5  mm. to  10 mm. were 
used ( s e e  f i g  3 ) .  The i n n e r  d i a m e t e r  o f  each  r i n g  i s  
s l i g h t l y  l a r g e r  th a n  t h e  c o l l e c t i n g  e l e c t r o d e .  The upper  
e l e c t r o d e  was h e l d  i n  p l a c e  b y  a l e a d  r i n g  o f  l a r g e  
diam eter  to  which t h e  p o l a r i s i n g  v o l t a g e  was a l s o  a p p l i e d .
The o t h e r  i o n i z a t i o n  chamber
The i o n i z a t i o n  cham ber,  u s e d  a s  a m o n i to r  i n  th e  
i n v e s t i g a t i o n ,  was moulded from a m i x tu r e  o f  b a k e l i t e  r e s i n ,  
pu re  g r a p h i t e  and vanadium o x i d e  ( A i r - w a l l e d  m a t e r i a l ) .
The e s s e n t i a l  p a r t s  a r e  i l l u s t r a t e d  i n  f i g u r e  (4)*
The g u a rd  r i n g  was p r o v i d e d  so t h a t  t h e  e l e c t r o n s  coming 
from th e  amber i n s u l a t o r  a r e  p r e v e n t e d  from c o n t r i b u t i n g  
v e ry  much to  t h e  i o n i z a t i o n . -  
(c )  The Loads
The l e a d s  a r c  t c l c o t h c n e  c a b l e s  ab o u t  f o u r  m e t r e s  
i n  l e n g t h  c o n n e c te d  a t  one end to  t h e  c o l l e c t i n g  e l e c t r o d e




A  8. B . I O N I Z A T I O N  C H A M B E R S .
R  8. R HIGH R E S I S T A N C E S  I M P E A C H .
D & D, . DRY BATTERIES OF 5 0 0  VOLTS EACH
E  T H E  L I N D E M A N N  E L E C T R O M E T E R  
R 3 8 . R 4  HIGH RESISTANCES 2 0 . 0 0 0  OHMS EACH 
R ,  5 . 0 0 0  _ a  
R Z  2 5 . 0 0 0  _TL
Figure (5).
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The e l e c t r o d e s  o f  c o p p e r  had  w a l l - t h i c k n e s s  
0 . 00125, 0 . 0 0 2 5 , 0 . 0 0 5 7 5 , 0 . 0 0 5 , 0 . 0 0 7 5 , & 0 . 0 1  cm. 
r e s p e c t i v e l y .  I n  o r d e r  t o  e n s u r e  t h e  f l a t n e s s  o f  t h e s e  
s u r f a c e s  and s i m p l i c i t y  o f  u s e ,  t h e y  w ere  f i x e d  t o  
g r a p h i t e  d i s c s  v ; i th  g l u e  and  k e p t  u n d e r  b l o c k s  o f  l e a d  f o r  
a co u p le  o f  d a y s .
I n  o u r  e x p e r i m e n t s  t h e  s u r f a c e s  o f  t h e  e l e c t r o d e s  
were c l e a n e d  and n o t  g r e a s y ,  "but no v i g o r o u s  c h e m ic a l  
p r e p a r a t i o n  was done.
( e ) Ap p a r a t u s  f o r  m e a s u r i n g  t h e  r a t i o  o f  t h e  i o n i z a t i o n  
c u r r e n t s  i n  p a i r s  o f  ch a m b e rs
( i )  The e l e c t r i c a l  c i r c u i t
The b a s i c  c i r c u i t  u s e d ,  i s  shown i n  f i g  ( 5 )* I t  i s  
e s s e n t i a l l y  t h a t  d e s c r i b e d  b y  Kemp The t h e o r e t i c a l
d e t a i l s ,  w h ich  h a v e  b e e n  g i v e n  b y  K em p^^^^are  a s  f o l l o w s ,
( i i )  The t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  t h e  a p p a r a t u s
The two c o n d e n s e r s  c o n s t i t u t i n g  a c a p a c i t y
p o t e n t i a l  d i v i d e r  (o n e  o f  whose c o m p o n e n t s ,  s a y  G^, i s  
made v a r i a b l e )  a r c  c o n n e c t e d  t o  t h e  c o l l e c t i n g  e l e c t r o d e s  
o f  th e  two i o n i z a t i o n  ch am b ers  A & B. The v o l t a g e s  
a p p l i e d  to  t h e  ch am b ers  a r e  s u c h  t h a t  t h e  c o l l e c t i n g  
e l e c t r o d e  i n  one  o f  them  s a y  (A) a c c u m u l a t e s  a p o s i t i v e
-  4 4  -
charge  w h i l s t  t h e  o t h e r  one (B ) a c c u m u la te s  a n e g a t i v e  
charge .  The j u n c t i o n  P b e tw e en  t h e  two c o n d e n se rs  & O2 
and th e  two c o l l e c t i n g  e l e c t r o d e s  may b e  e a r t h e d  b y  t h e  
sw i tc h e s  S, and 82 which  may b e  o p e r a t e d  s im u l ta n e o u s ly ,  
I f  i s  t h e  p o t e n t i a l  o f  t h e  c o l l e c t i n g  sys tem  o f  
A due t o  t h e  p o s i t i v e  c h a rg e  + and V2 i s  t h e  p o t e n t i a l  
o f  th e  c o l l e c t i n g  sy s tem  o f  B due t o  t h e  n e g a t i v e  c h a rg e  
-  Q2 th e n ,
^  . . . .  (1)
and,
where G and o" a r e  t h e  c a p a c i t i e s  t o  e a r t h  o f  th e  c o l l e c t i n g  





Ql O2 + 0 "
Now, i f  t h e  p o i n t  P b e tw e e n  & C2 i s  e a r t h e d  and 
V2 a re  t h e  p o t e n t i a l  d i f f e r e n c e s  a c r o s s  and G2. Hence,
V2 Cl
Vl 02
Thus, from (3)  and (4 )  we have:  
Q2 Cl O2 + c
Q l  C 2  C 2  4" C
  ( 5 )
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d  and d '  a r e  a lm o s t  e n t i r e l y  composed o f  t h e  c a p a c i t i e s  
o f  t h e  c a b l e s  c o n n e c t in g  t h e  c o l l e c t i n g  e l e c t r o d e s  o f  
each chamber to  t h e  i n s t r u m e n t .  They can  b e  made 
p r a c t i c a l l y  e q u a l  and  much g r e a t e r  t h a n  Cq o r  C2 f o r  
a l l  p o s s i b l e  v a l u e s  o f  Cq and 0 2* I f ,  however any 
s l i g h t  d i f f e r e n c e  b e tw e en  t h e  v a l u e s  o f  o' and c'' e x i s t s  
i t  can b e  i n c l u d e d  i n  t h e  c a l i b r a t i o n  o f  the  i n s t r u m e n t  
and t h e r e f o r e  w i l l  n o t  a f f e c t  t h e  o b s e r v a t i o n s .
Hence,
R = =£1^ £ l _  . . . .  ( 6 )
Ql C2
where,  i s  t h e  r a t i o  o f  t h e  i o n i z a t i o n  c u r r e n t s
i n  th e  two cham bers .
T h e r e f o r e ,  t h e  s e t t i n g  o f  t h e  c a p a c i t y  p o t e n t i a l  
d i v i d e r  which k e e p s  P a t  ze ro  p o t e n t i a l  a f t e r  open ing  
the  s w i t c h e s  S, Sq and 8 2 , i s  a m easu re  o f  th e  r a t i o  o f  
the i o n i z a t i o n  c u r r e n t s  i n  t h e  two cham bers .
( i i i ) P r a c t i c a l  c o n s t r u c t i o n  o f  t h e  a p p a r a t u s
The fo rm  o f  i n s t r u m e n t  w hich  we have u sed  i s  
somewhat d i f f e r e n t  f rom  t h a t  o r i g i n a l l y  d e s c r i b e d  b y  
Kemp ( 34, 35 ) .  q t  i s  c o n s i d e r e d  t h a t  t h e  m o d i f i c a t i o n s  
we have made h av e  c e r t a i n  d e s i r a b l e  a d v a n ta g e s .
THE PARALLEL PLATE CONDENSER
F R O N T  VI EW
D I S T R E N E
BRASS
S I D E  V I E W
Figure (6 ).
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( l )  The C a p a c i t y  P o t e n t i a l  d i v i d e r ;
I t  c o n s i s t s  o f  two c o n d e n s e r s  C]_ & C2« The form er 
i s  a p a r a l l e l  P l a t e  f i x e d  c o n d e n s e r ,  t h e  i n s u l a t o r  "between 
i t s  p l a t e s  i s  d i s t r e n e  w h i le  t h e  l a t t e r  i s  an o r d i n a r y  
v a r i a b l e  w i r e l e s s  a i r  co n d e n se r  j o i n e d  th ro u g h  d i s t r e n e  
i n s u l a t i o n  to  a d i a l  c o n t ro l#  B o th  c o n d e n s e r s  a r e  
p rov ided  w i th  d i s t r e n e  i n s u l a t e d  l e a d s  to  th e  r e s t  o f  t h e  
app a ra tu s  i . e .  t h e  i n s u l a t i o n  th r o u g h o u t  i s  o f  d i s t r e n e #
The u se  o f  a d i e l e c t r i c  f i l l e d ,  p a r a l l e l  p l a t e  
f ix ed  co n d e n se r  i n  p l a c e  o f  an o r d i n a r y  a i r - d i e l e c t r i c  
w i re le s s  ty p e  c o n d e n s e r  l e a d s  to  a s im p le r  and b e t t e r  
s o lu t io n  o f  some o f  t h e  h ig h  i n s u l a t i o n  problem s see  
f ig  ( 6 ) .  One p l a t e  o f  th e  c o n d e n s e r  may be  mounted on 
robust  d i s t r e n e  i n s u l a t o r s  and t h e  d i s t r e n e  s h e e t  
d i e l e c t r i c  s e r v e s  a s  th e  i n s u l a t o r  f o r  t h e  condenser  
ju n c t io n  p o i n t  which i n  use  i s  k e p t  a t  e a r t h  p o t e n t i a l .
The second v a r i a b l e  c o n d e n s e r  may b e  mounted d i r e c t l y  
and s e c u r e l y  on t h e  i n s u l a t e d  p l a t e .  The d i s t r e n e  
d i e l e c t r i c  o f  t h e  f i x e d  c o n d e n se r  p r e v e n t s  d u s t ,  m o i s tu r e  
otc. from g e t t i n g  b e tw e e n  th e  p l a t e s  and c a u s in g  
e l e c t r i c a l  l e a k a g e .
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( 2 ) The B a la n c e  P o t e n t i a l  I n d i c a t o r
Kemp used  an e l e c t r o m e t e r  v a lv e  ty p e  ET 1 . as  th e  
i n d i c a t o r  o f  p o t e n t i a l  b a l a n c e .  I n  our  c i r c u i t  we have 
re p la c e d  t h i s  by  a L indem ann  ^36 ) E l e c t r o m e t e r .  The 
advantages  o f  th e  l a t t e r  a r e : -
1) The i n s u l a t i o n  o f  t h e  e l e c t r o m e t e r  may b e  made good 
and k e p t  so much more e a s i l y  th a n  i s  th e  ca se  w i th  
an e l e c t r o m e t e r  v a l v e .
2 ) I t  i s  p o s s i b l e  to  keep t h e  d e - e a r t h i n g  sw i tches  
open f o r  a c o n s i d e r a b l e  p e r i o d  o f  t im e  and so 
o b t a i n  t h e o r e t i c a l l y  u n l i m i t e d  s e n s i t i v i t y ;  
a l th o u g h  th e  g r i d  c u r r e n t  o f  an e l e c t r o m e t e r  
v a lv e  i s  v e r y  sm a l l  i t  does n e v e r t h e l e s s ,  l i m i t  
th e  t im e  f o r  which i t  i s  p o s s i b l e  to  keep th e  
s w i tc h e s  open f o r  an o b s e r v a t i o n  o f  b a la n c e .
3) The s e n s i t i v i t y  o f  t h e  Lindemann e l e c t r o m e t e r  may 
be v a r i e d  q u i t e  s im p ly  ( s e e  l a t e r )  and may be  made 
v e ry  g r e a t .
k) I t  i s  p o s s i b l e ,  a l s o ,  t o  use  t h e  Lindemann e l e c t r o ­
m ete r  to  t e s t  d i r e c t l y  th e  i n s u l a t i o n  o f  a l l  t h e  
v a r i o u s  p a r t s  o f  th e  c i r c u i t .  T h is  i s  a v e r y  
g r e a t  a d v a n ta g e .
A S E N S I T I V I T Y  CONTROL FOR THE LINDEMANN
R 4
D  8 1  v o l t
r" h i g h  r e s i s t a n c e s . I m  e a c h  
R3 & R 4 2 0 . 0 0 0  _TL E A C H .
R, 5 . 0 0 0  JL
R z  2 5 . 0 0 0  S I .
Figure (7 ).
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The n e e d l e  o f  t h e  i n s t r u m e n t  was o b s e rv e d  by  a 
s u i t a b l e  m ic ro s c o p e  s y s tem  and a r t i f i c i a l  l i g h t  from a 
sm all  2 .5  v o l t s  lamp. A d ju s tm e n t  o f  ze ro  and s e n s i t i v i t y  
was a c c o m p l i s h e d  a s  fu l lo w s o
(3) S e n s i t i v i t y  C o n t r o l  f o r  th e  E l e c t r o m e t e r
For  v a r y i n g  t h e  s e n s i t i v i t y  o f  t h e  Lindemann 
e l e c t r o m e t e r  b y  means o f  o ne  a d j u s t m e n t  o n ly  t h e  f o l l o w i n g
c i r c u i t  f i g  (7 )  was u s e d  ( 3 7 )
and R2 a r e  two v a r i a b l e  r e s i s t a n c e s  o f  th e  
o rd e r  o f  25000 ohms c o n n e c t e d  to  two f i x e d  r e s i s t a n c e s  
R  ^ amd Rj^  o f  th e  same o r d e r  i n  s e r i e s  w i th  a d ry
b a t t e r y  o f  f rom  70 to  90 v o l t s .  The q u a d r a n t s  A and B
of  th e  e l e c t r o m e t e r  a r e  c o n n e c te d  t h r o u g h  s a f e t y  
r e s i s t a n c e s  o f  2Mjl_ ea c h  to  t h e  ends o f  the  f i x e d  
r e s i s t a n c e s ,  and t h e  e a r t h e d  c a s e  o f  t h e  e l e c t r o m e t e r  
i s  c o n n e c te d  to  t h e  moving arm o f  t h e  v a r i a b l e  r e s i s t a n c e  
R±» The l a t t e r  i s  a d j u s t e d  o n ce  f o r  a l l ,  i n  o r d e r  t h a t  
the  e l e c t r i c a l  ze ro  may c o i n c i d e  w i t h  t h e  m e c h a n ic a l  
zero .  The p o t e n t i a l s  a p p l i e d  to  t h e  q u a d r a n t s  may th e n  
be s i m u l t a n e o u s l y  v a r i e d  b y  a l t e r i n g  t h e  v a l u e  o f  t h e  
s e r i e s  r e s i s t a n c e  w h i l s t  t h e  r a t i o  o f  t h e  p o t e n t i a l s  
rem ains  c o n s t a n t  so t h a t  t h e  s e n s i t i v i t y  can b e  v a r i e d  
w h i l s t  t h e  ze ro  r e m a in s  a lm o s t  u n d i s t u r b e d .
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( i V) O th e r  P a r t s  o f  t h e  c i r c u i t
W ith  th e  p a r a l l e l - p l a t e ,  d i e l e c t r i c  f i l l e d  co n d e n se r  
a lo n e ,  t h e  i n s t r u m e n t  was s u i t e d  f o r  th e  measurement o f  
i o n i z a t i o n  c u r r e n t s  o f  r a t i o  1 : 3^.
I n  o r d e r  t o  i n c r e a s e  t h e  ran g e  o f  t h e  c a p a c i t y  
p o t e n t i a l  d i v i d e r  f o r  t h e  m e a s u r in g  o f  i o n i z a t i o n  c u r r e n t s  
o f  r a t i o  1 : 10  t h e  f o l l o w i n g  a r ra n g e m e n ts  were made.
A f i x e d  c o n d e n s e r  0 ? made o f  b r a s s  p l a t e s  and 
d i s t r e n e  a s  i n s u l a t o r  was c o n n e c t e d  i n  p a r a l l e l  w i th  
th e  f i x e d  c o n d e n s e r  v i a  a s w i t c h  K^. The c a p a c i t y  o f  
t h i s  c o n d e n s e r  i s  110  cm. and t h i s  i n c r e a s e d  t h e  range 
to  1 : 7 *
The s w i t c h  c o n s i s t s  o f  two b r a s s  s t r i p s  each 
p r o v id e d  w i t h  a p l a t i n u m  . c o n t a c t  a t  i t s  f r e e  end and 
mounted a t  one end on  a d i s c  o f  d i s t r e n e .  These c o n t a c t s  
a re  h e l d  a g a i n s t  s i m i l a r  p l a t i n u m  c o n t a c t s  mounted i n  
the  same d i s c .  The b r a s s  s t r i p s  a r e  p r o v i d e d  v / i th  l e a d s  
which c o n n e c te d  them w i t h  t h e  e x t e r n a l  c o n d e n s e r  0 ^ 
while  t h e  o t h e r  c o n t a c t s  a r e  c o n n e c t e d  to  t h e  r e s t  o f  t h e
s  T h is  was b e c a u s e  t h e  a p p a r a t u s  had  o r i g i n a l l y  b e e n  
d e s ig n e d  f o r  a n o t h e r  p u r p o s e  t h a n  t h e  p r e s e n t
e x p e r im e n ts .
B R A S S
DISTRENE n u
DIFFERENT VIEWS OF 
THE SWITCHES K, OR K%
Figure (8).
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c i r c u i t .  T h i s  d i s t r e n e  d i s c  i s  s u r r o u n d e d  w i th  a 
c i r c u l a r  e a r t h e d  b r a s s  r i n g  p r o v i d e d  w i t h  p l a t i n u m  
c o n t a c t s  so t h a t  when t h e  b r a s s  s t r i p s  a r c  c o n n e c te d  
to them t h e  c o n d e n s e r  i s  o u t  o f  c i r c u i t  and e a r t h e d .
A n o th e r  f i x e d  c o n d e n s e r  was c o n n e c te d  i n  
p a r a l l e l  w i t h  t h e  f i x e d  c o n d e n s e r  v i a  a s w i tc h  K2.
The c a p a c i t y  o f  t h i s  c o n d e n s e r  i s  23O cm. and t h i s  h e l p s  
p rov ide  th e  r e q u i r e d  r a n g e  o f  r a t i o  1:  10 .
The s w i t c h  i s  s i m i l a r  to  and  i s  c o n n e c te d  
to a second  f i x e d  c o n d e n s e r  C^. P i g  (8 )  shows d i f f e r e n t  
views o f  t h e s e  s w i t c h e s .
(v) The E a r t h i n g  Keys
The e a r t h i n g  k e y s  c o n s t i t u t e  a v e r y  im p o r t a n t  
p a r t  o f  t h e  a p p a r a t u s .  They n e e d  s k i l l  i n  c o n s t r u c t i o n  
and a d ju s tm e n t .
The s w i t c h e s  S, S]_ & 82 c o n s i s t s  o f  t h r e e  l i g h t  
s t r i p s  o f  s p r i n g  (7 cm. l o n g ,  0 .7 5  b r e a d t h  and O.O5 
th ic k n e s s )  e a c h  c a r r y i n g  a p l a t i n u m  c o n t a c t  a t  i t s  f r e e  
end and m ounted  a t  o n e  end  on  a b l o c k  o f  b r a s s .  T hese  
c o n ta c t s  a r e  h e l d  a g a i n s t  s i m i l a r  p l a t i n u m  c o n t a c t s  
mounted i n  d i s t r e n e  i n s u l a t o r s  s e t  i n  a  b r a s s  b l o c k .
They a rc  s e p a r a t e d  t o  b r e a k  t h e  c i r c u i t  b y  t h r e e  cams
DIFFERENT VIEWS OF THE
EARTHING KEYS
!
F R O N T  E L E V A T I O N
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The apparatus, chambers, s en s i t iv i ty  
contro l ,  high tension and leads.
IË1, rwm
Figure ( l l ) .
I n t e r io r  of the apparatus showing 
Lindemann electrometer, capacity 
po ten t ia l  d iv ider ,  switches, etc.
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which a r c  mounted on a s h a f t  and p r e s s  on to  t h e  s t e e l  
s p r in g  so as  to  d e f l e c t  them when r o t a t e d .  The cams a r e  
o p e r a t e d  t o g e t h e r  h y  a l e v e r  which i s  a t t a c h e d  to  t h e  cam 
s h a f t .  The t h r e e  d i s t r e n e  i n s u l a t e d  c o n t a c t s  a r e  
p r o v i d e d  w i t h  l e a d s  which c o n n e c t  them w i th  t h e  r e s t  o f  
th e  c i r c u i t  w h i l e  t h e  c o n t a c t s  on th e  s t e e l  s p r i n g s  a r e  
c o n n e c te d  th ro u g h  t h e  f ram e  to  e a r t h .  The h r a s s  h l o c k  
c a r r y i n g  t h e  e a r t h  and t h e  i n s u l a t e d  c o n t a c t s  a r e  h o t h  
mounted on a h r a s s  p l a t e .  Two b r a c k e t s  a l s o  mounted on 
th e  h r a s s  p l a t e  to  h o l d  t h e  cam s h a f t  i n  p o s i t i o n .  The 
t im e o f  o p e n in g  each  c o n t a c t  w i th  r e s p e c t  t o  th e  o t h e r s  
i s  a r r a n g e d  h y  t h e  s e t t l i n g  o f  i t s  cam on th o  cam s h a f t ,  
F ig  (9)  shows d i f f e r e n t  v ie w s  o f  th o  e a r t h i n g  keys .
F ig s  (10 ,  11) show p h o to g r a p h s  o f  t h e  a p p a r a t u s  and 
chambers .
( v i )  A d ju s tm e n t  o f  t h e  o r d e r  o f  o p e n in g  t h e  s w i t c h e s .
f i g  ( 1 2 )
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For  a d j u s t i n g  t h e  o r d e r  o f  o p e n in g  o f  t h e  
e a r t h i n g  k e y s  8%, Sg & 8 a c i r c u i t  such  as  t h a t  shown 
i n  f i g u r e  (12) may h e  u s e d .  A cc o rd in g  to  t h e  
t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  t h e  a p p a r a t u s  t h e  s w i tc h  
8 which i s  c o n n e c t e d  to  t h e  n e e d l e  o f  t h e  e l e c t r o m e t e r  
s h o u ld  open f i r s t  i n  a l l  c a s e s  w h i l e  t h e  s w i t c h e s  8^, 
and 82 s h o u ld  open  s i m u l t a n e o u s l y .
8^ and 8g a r e  a d j u s t e d  hy  t h e i r  screws so t h a t  
t h e y  open  s i m u l t a n e o u s l y  a f t e r  S. T h i s  can  h e  i n d i c a t e d  
h y  t h e  movement o f  t h e  n e e d l e s  o f  t h e  v o l t m e t e r s  
c o n n e c te d  i n  t h e  c i r c u i t  ahove.
( v i i )  . P r e c a u t i o n s  and P r o c e d u r e
A l l  p a r t s  o f  t h e  a p p a r a t u s  and  t h e  i n s u l a t i n g  
p a r t s  i n  i t  must h e  a b s o l u t e l y  d ry  and c l e a n ,  f o r  any 
s l i g h t  d i r t  o r  m o i s t u r e  may g i v e  r i s e  to  a d r i f t  i n  
t h e  Lindemann e l e c t r o m e t e r  n e e d l e  and make i t  d i f f i c u l t  
to  g o t  a s t e a d y  n u l l  p o i n t .  T h i s  i s  done h y  d ry in g  t h e  
d i f f e r e n t  p a r t s  o f  th e  a p p a r a t u s  and p o l i s h i n g  t h e  
i n s u l a t i n g  p a r t s  c a r e f u l l y  and b lo w in g  them v i g o r o u s l y  
w i th  a b lo w e r .  A lso  a d r y in g  a g e n t  (magnesium 
p e r c h l o r a t e )  may h e  e n c l o s e d  i n  t h e  a p p a r a t u s .
t a r g e t
P R I M A R Y  f i l t e r
I
T H E  e x t r a p o l a t i o n  
C H A M B E R .  \1
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Figure (13).
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The c i r c u i t  i s  c o n n e c te d  and t h e  ze ro  c o n t r o l  
i s  a d j u s t e d  and so a l s o  th o  r e q u i r e d  s e n s i t i v i t y .  The 
whole a p p a r a t u s  a f t e r  c o n n e c t in g  t h e  l e a d s  to  t h e  
chamhers (on e  o f  them t h e  e x t r a p o l a t i o n  chamher w h i l e  
t h e  o t h e r  t h e  m o n i to r )  and c o n n e c t i n g  t h e  l a t t e r  w i t h  
t h e  h ig h  t e n s i o n  i s  t e s t e d  f o r  l e a k a g e .  To e n s u re  t h a t  
t h e r e  i s  no lea icage  i n  any p a r t  o f  th e  a p p a r a t u s ,  l e a d s  
o r  chamher i n s u l a t i o n ,  t h i s  c a n  h e  done h y  o p en ing  t h e  
s w i t c h e s  and oh s e r v i n g  t h e  n e e d l e  o f  t h e  Lindemann 
e l e c t r o m e t e r .  I f  no d r i f t  i s  o b s e r v e d  t h e  i n s u l a t i o n  
everyw here  i s  good and t h e  a p p a r a t u s  i s  read y  f o r  
p r a c t i c a l  o b s e r v a t i o n s .
I n  o r d e r  to  e n s u r e  s a t u r a t i o n  p o t e n t i a l  on 
each  cham ber,  t h e  a i r  w a l l  (m o n i to r )  chamber and t h e  
co p p e r  c x t r o p o l a t i o n  chamber were mounted on t h e  
m e asu r in g  i n s t r u m e n t .  They wore p u t  s y m m e t r i c a l l y  
w i th  r e s p e c t  to  th e  a x i s  o f  an x - r a y  beam o f  known 
q u a l i t y  a s  shown i n  f i g  ( I 3 ) .  The v o l t a g e  a p p l i e d  to  
t h e  a i r  w a l l  chamber was k e p t  c o n s t a n t  w h i l e  t h e  
v o l t a g e s  a p p l i e d  to  t h e  e x t r a p o l a t i o n  chamber were 
v a r i e d  t i l l  s a t u r a t i o n  o c c u r r e d .
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S in c e  t h e  g r e a t e s t  i o n i z a t i o n  c u r r e n t  was 
a n t i c i p a t e d  i n  t h e  c o p p e r  e x t r a p o l a t i o n  chamber o f  a tom ic  
number 29 i t  was q u i t e  s a f e  t o  u s e  t h i s  s a t u r a t i o n  v o l t a g e  
f o r  t h e  o t h e r  chambers  o f  lo w e r  a to m ic  number i n  which  t h e  
i o n i z a t i o n  c u r r e n t  was e x p e c te d  to  b e  l e s s .
To o b t a i n  s a t u r a t i o n  p o t e n t i a l  to  th e  monitor,  t h e  
same p r e v i o u s  s t e p s  were r e p e a t e d  w i t h  c o n s t a n t  v o l t a g e  
was a p p l i e d  t o  t h e  e x t r a p o l a t i o n  chamber w h i le  t h e  
v o l t a g e  o f  t h e  m o n i to r  was i n c r e a s e d .
I n  o u r  e x p e r im e n t s  t h e r e  i s  no n eed  to  c o n s i d e r  
t h e  t e n p .  and  p r e s s u r e  c o r r e c t i o n s  f o r  th e  two f a c t o r s  
a f f e c t  t h e  two cham bers  s i m u l t a n e o u s l y  and t h e r e f o r e  have 
no e f f e c t  a t  a l l  on t h e  m easu red  r a t i o .
I n  u s e  t h e  chambers  were a d j u s t e d  i n  t h e  beam
o f  r a d i a t i o n  a t  a c o n s i d e r a b l e  d i s t a n c e  from t h e
a p p l i c a t o r  w h ich  d e f i n e d  t h e  beam o f  X - r a y s  from t h e  X -ray
tu be .  The s e t t i n g  o f  t h e  v a r i a b l e  c o n d e n s e r  C2 i s  fo u n d
i n  each  c a s e  f o r  z é ro  d e f l e c t i o n  w h e th e r  t h o  s w i t c h e s  S, 8^
& Sg ^Gre opened  o r  c l o s e d .  T h i s  i n d i c a t e s  t h e  c o r r e c t
r a t i o  —^  w hich  m a i n t a i n s  t h e  p o i n t  P a t  e a r t h  p o t e n t i a l  
Cl
a f t e r  o p e n in g  t h e  s w i t c h e s  which i s  t h o  r e q u i r e d  c o n d i t i o n  
by  t h e  g i v e n  t h e o r y .
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The r e a d i n g  o f  th o  s c a l e  o f  th o  v a r i a b l e  c o n d e n s e r  
Gg i s  n o t e d  and f rom  t h o  c a l i b r a t i o n  c u r v e s  th o  c o r r e s ­
p on d in g  r a t i o  o f  t h e  c h a r g e s  i n  t h o  two chambers i s  
o b t a i n e d .
Tho X - r a d i a t i o n s a v a i l a b l e ,  e n a b le d  us  to  t a k e  
m easurem ents  o v e r  a wide r a n g e  o f  q u a l i t i e s  from 0 .0 8  
to  0 .5  A°. Tho f o l l o w i n g  s o u r c e s  wore u sed .
1) A Si omen’ s tu b e  f o r  measurement i n  t h o  medium 
k i l o v o l t a g c  r e g i o n  (60  -  110 KVp) was u sed  f o r  
o b t a i n i n g  q u a l i t i e s  i n  t h e  ran g e  0 .3  to  0 .6  AO.
2) A W e s t in g h o u se  t u b e  w i t h  V i l l a r d  c i r c u i t  was u sed
f o r  m easu rem en ts  i n  t h o  r e g i o n  o f  0 .1  -  0 .3  A  ^ .
3) A V i c t o r  Maximar t u b e  h a v in g  e l e c t r o d e s  d e s ig n e d  
su ch  t h a t  i t  o p e r a t e s  a lm o s t  as  a c o n s t a n t  
p o t e n t i a l  x - r a y  g e n e r a t o r ,  t h o  e x c i t i n g  v o l t a g e  
b e i n g  n e a r l y  t h e  peak  k i l o v o l t a g e .  With 220 
KVp. and s u i t a b l e  f i l t e r s ,  x - r a y s  o f  e f f e c t i v e  
wav e - l e n g t h s  from  ab o u t  0 .1  A°. t o  0 .0 8  A^, were 
o b t a i n e d .
•: m
CIRCUIT FOR DERIVING THE RELATION BETWEEN 












2  M S I  I
8 1  VOLTS
R a  & R a  H I G H  RESISTANCES 2 0 . 0 0 0  OHMS EACH. 
Ri 5 . 0 0 0  JO.
R2 2 5 . 0 0 0 - 0 .
Figure (14).
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( v i i i )  CALIBRATION OP THE APPARATUS
The a p p a r a t u s  was c a l i h r a t e d  i n  two s t e p s .
1) An i n v e s t i g a t i o n  o f  t h e  r e l a t i o n  "between s c a l e  
r e a d i n g  and c a p a c i t y  p o t e n t i a l  d i v i d e r  r a t i o
( ^  ) ,  (  (    )
Cl Cl 4- G3 C l + C3 + 04
2) D e t e r m i n a t i o n  o f  t h e  v a r i a t i o n  o f  t h e  s c a l e
r e a d i n g  w i t h  c h a r g e  r a t i o  c o r r e s p o n d in g  to  t h e
p r e v i o u s  c a s e s .
(1 ) Re l a t i o n  b e tw e e n  S c a l e  R ead ing  and C a p a c i ty  
P o t e n t i a l  D i v i d e r  R a t io
I n  o r d e r  to  d e t e r m in e  t h i s  t h e  c i r c u i t  shown i n
f i g  (li+) may h e  u se d .  I t  c o n s i s t s  o f  a c a l i h r a t e d
p o t e n t i o m e t e r  ATE a c r o s s  a c e l l  V. The ends A and B
o f  t h e  p o t e n t i o m e t e r  a r e  c o n n e c te d  to  t h e  i n p u t s  L and
M o f  t h e  c a p a c i t y  p o t e n t i a l  d i v i d e r  C^ C2 o f  t h e
a p p a r a t u s  w h i l e  t h e  t o p p i n g  p o i n t  T i s  e a r t h e d .  To
l i m i t  t h e  c u r r e n t  w hich  f lo w s  when t h e  e a r t h i n g  keys
i n  t h e  i n s t r u m e n t  a r e  c l o s e d  r e s i s t a n c e s  RR o f  h ig h
v a lu e  a r c  i n c l u d e d  i n  t h e  c o n n e c t i n g  l e a d s .
I n  t h i s  way, p o t e n t i a l s ,  one p o s i t i v e  and t h e
o t h e r  n e g a t i v e  w i t h  r e s p e c t  to  e a r t h ,  a r e  a p p l i e d  a t  t h e
i n p u t  p o i n t s ,  t h e  r a t i o  o f  which may h e  v a r i e d  i n  a
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known manner h y  a l t e r i n g  t h e  p o s i t i o n  o f  t h e  t a p p i n g  
p o i n t  T on t h e  p o t e n t i o m e t e r  n e tw o rk .  For each  i n p u t  
p o t e n t i a l  r a t i o ,  t h e  c a p a c i t y  p o t e n t i a l  d i v i d e r  s e t t i n g  
was fo u n d  w hich  g av e  a b a l a n c e  on o p en in g  t h e  e a r t h i n g  
k e y s .
T a b le  (15) shows t h e  r e l a t i o n  b e tw e e n  ^
, '^2 , ^2  & C2 )
+ C3 Cl + C3 + 0^  '
r e a d i n g  o f  t h e  a p p a r a t u s .  T h is  t a b l e  c o n s t i t u t e s  t h e  
c a l i b r a t i o n  f o r  u se  i n  t h e  measurement o f  p o t e n t i a l  
e l e c t r o s t a t i c a l l y .  I t  i s  a l s o  r e q u i r e d  when t h e  
i n s t r u m e n t  i s  u sed  to  m easu re  q u a n t i t i e s  o f  c h a rg e  o r  
x - r a y  e x p o s u r e s .
(2)  R e l a t i o n  Between S c a l e  Reading  and  C harge  r a t i o
I n  h i s  o r i g i n a l  work Kemp d e te r m in e d  t h e  r e l a t i o n  
b e tw e en  t h e  s c a l e  r e a d i n g  and c h a rg e  r a t i o  b y  means o f  
known x - r a y  i n t e n s i t i e s  a p p l i e d  to  h i s  i o n i z a t i o n  
cham bers .  A d e f e c t  o f  s u c h  a method i s  t h a t  i t s  
a c c u r a c y  depends  upon t h e  a c c u r a c y  w i t h  which t h e  x - r a y  
i n t e n s i t i e s  may b e  known.
G re e n in g  (3 8 ) ,  w ork ing  i n  t h e  l a b o r a t o r y  i n  which 
t h e  p r e s e n t  work was d o n e ,h a s  shown t h a t  w i t h  t h i s  
a p p a r a t u s  i t  i s  p o s s i b l e  to  d e t e r m in e  t h e  r e q u i r e d
m r n a l
C I R C U I T  TO D E T E R M I N E  THE RATIO OF THE  
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r e l a t i o n  v i a  m easurem ents  o n ly  o f  p o t e n t i a l s  a f t e r
v a r i o u s  o p e r a t i o n s  o f  s h a r i n g  o f  e l e c t r i c  c h a rg e ;
f u r t h e r m o r e  th e  method i s  o f  g r e a t  a c c u ra c y ,  7e have
used  t h e  same p r o c e d u r e  which  i s  a s  f o l l o w s :
The t h e o r y  o f  t h e  i n s t r u m e n t  i n d i c a t e s  t h a t ,
Ql + c '  Gg
Q g G g +  G G ^
Assuming t h a t  t h e  c a b l e s  c a p a c i t i e s  a r e  e q u a l ,  t h e r e f o r e ,
/ „
G =  G
Thus,





T h a t  i s  to  say  t h e  r a t i o  o f  t h e  c a h l e  c a p a c i t y  
to  t h a t  o f  t h e  f i x e d  c o n d e n s e r .
Thus i f  X i s  known t h e  c h a rg e  r a t i o  c a l i b r a t i o n  
c u r v e s  a r c  e a s i l y  and a c c u r a t e l y  o b t a i n a b l e .
De t e r m i n a t i o n  o f  The V a lue  o f  x
To f i n d  t h i s  t h e  c i r c u i t  shown i n  f i g  (15)  may 
b e  employed. ATB c o n s t i t u t e s  a p o t e n t i o m e t e r  ne tw ork  
a c r o s s  a c e l l  V. The end B i s  e a r t h e d  w h i l e  t h e  p o i n t
- 59 -
T i s  c o n n e c te d  v i a  a s \ \d tc h  p to  a f i x e d  con dense r  
The f i x e d  c o n d e n s e r  0^ i s  c h a rg e d  by c l o s i n g  
t h e  s w i t c h  p and o p e n in g  t h e  sT/i tch  o w h i l e  t h e  v a lu e  
o f  R i s  n o t e d .  T h i s  c h a r g e  i s  s h a r e d  w i t h  t h e  c a b l e  
c a p a c i t y  b y  o p e n in g  p and c l o s i n g  o and t h e  d e f l e c t i o n  
0 o f  t h e  e l e c t r o m e t e r  n e e d l e  i s  o b s e rv e d .
Then, t h e  s w i t c h  P i s  c l o s e d  w h i le  8 & o ^ r e
opened .  The v a l u e  o f  R i s  a d j u s t e d  u n t i l  t h e  same
d e f l e c t i o n  0 o f  t h e  e l e c t r o m e t e r  n e e d l e  i s  o b t a i n e d .
Lot t h i s  v a l u e  b e  R^ (The v a l u e  o f  t h e  t o t a l  r e s i s t a n c e
i n  t h e  p o t e n t i o m e t e r  c i r c u i t  i s  c o n s t a n t ) .
T h e r e f o r e ,  t h e  c h a r g e  q which  p a s s e d  f ro m  
to  t h e  e l e c t r o m e t e r  b e i n g ,
q = C q v  = (Oq + C )  v '
= CqR — (Cq + C) Rq
and,
x =  ^  -  1
/
I f  and  0 i n  c i r c u i t  i n t e r c h a n g e d  i . e .  c h a r g e  
t h e  c a b l e  and s h a r e  i t  w i t h  a p p a r a t u s .
QL =  (Cq + c)  v ' =  c ' v
i . e .  (Gq + C )  Rq = c(r
and
i  =  5  _  1
X Rq
— 6 0  —
R ep ea t  t h e  p r e v i o u s  e x p e r im e n ts  b y  c o n n e c t in g  i n  
p a r a l l e l  w i t h  t h e  f i x e d  c o n d e n s e r  t h e  o t h e r  two f i x e d  
c o n d e n s e r s  0 ^ and r e s p e c t i v e l y .  D u r in g  t h e  s h a r i n g  
p r e o c e s s c s  r e f e r r e d  to  above t h e  e l e c t r o m e t e r  was u s e d  
as  t h e  v o l t a g e  i n d i c a t o r  (no l i n e a r i t y  o f  t h e  s c a l e  
a s s u m e d ) .
The mean v a l u e  o f  x o b t a i n e d  from v a l u e s  o b t a i n e d  
from s h a r i n g  p r o c e s s e s  o v e r  a p e r i o d  o f  days  gave an 
a v e ra g e  v a l u e  o f  x = U. 2 , w i t h  th e  a d d i t i o n a l  co n d e n se r  
(C^) i n  p a r a l l e l  w i t h  (Op) t h e  a v e ra g e  v a l u e  o f  x = 1*312 
and w i t h  t h e  a d d i t i o n a l  c o n d e n se r  ( 0 ^) i n  p a r a l l e l  w i th  
(C^) t h e  a v e ra g e  v a l u e  o f  x =  O.538.
X does n o t  need  to  b e  known w i t h  g r e a t  a c c u ra c y  
i n  o r d e r  to  o b t a i n  an a c c u r a t e  c h a rg e  r a t i o  c a l i b r a t i o n .  
As t h e  i n s t r u m e n t  i s  c a p a b l e  o f  such  p r e c i s e  m easurem ents  
i t  i s  u n d e s i r a b l e ' Id  c a l i b r a t e  i t  b y  u s in g  o t h e r  i o n i z a t i o n  
i n s t r u m e n t s ,  o r  b y  assum ing  th e  i n v e r s e  s q u a re  law  and 
th e  a b s e n c e  o f  s c a t t e r e d  r a d i a t i o n .
The f o l l o w i n g  t a b l e s  g i v e  t h e  r e l a t i o n  b e tw e en  
s c a l e  r e a d i n g  and c h a r g e  r a t i o  t o g e t h e r  w i t h  t h e  
e x p e r im e n ta l  r e s u l t s  a l r e a d y  t a k e n .
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THE CALIBRATION CURVES





90 80 70 50 40
S C A L E  R E A D I N G
lOO 60 30 2 0
Figure ( l 6 ) ,
(1) ^ e n  both were out o f c ir c u it .
(2 ) V/hen was in  c ir c u it  on ly .
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T H I C K N E S S  O F  A I R  IN M M
F i g u re  (1 7 ) .
I o n i z a t i o n  - E l e c t r o d e  Spac ing  Curves .  
E l e c t r o d e s ; -  P e r s p e x  c o a t e d  w i t h  dag.
(1) E f f e c t i v e  w a v e le n g th  = 0 .5  A°.
(2) " " z 0 .425  A°.
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F ig u re  ( 1 8 ) .
I o n i z a t i o n  p e r  u n i t  s p ac in g  -  E l e c t r o d e  Spacing  Curves 
E l e c t r o d e s : -  Aluminium.
( 1 ) E f f e c t i v e  w ave leng th  = 0 .5
( 2 ) = 0.425  A°.
F ig u re  ( 19 ) .
I o n i z a t i o n  - E le c t ro d e  Spacing  Curves. 
E l e c t r o d e s A l u m i n i u m .
( 1 ) E f f e c t i v e  w ave leng th  = u .5  A°.









4 -  (4)
0
F ig u re  ( 2 0 ) .
E x t r a p o l a t i o n  of I  to  zero  e l e c t r o d e  t h i c k n e s s .  
E l e c t r o d e s  : -  Aluminium.
( 1 ) E f f e c t i v e  w ave leng th
( 2 )  r , T
( 3 ) " "
( 4 ) " ” .
0 .5  A°. 
0.425  A°. 
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T h ic k n a s s  o f  A i r  i n  A /M .
(d)d.o 50
F ig u re  ( 2 1 ) .
I o n i z a t i o n  p e r  u n i t  sp ac in g  -  E le c t ro d e  Spacing Curves 
E l e c t r o d e s : -  Copper.
E f f e c t i v e  w ave leng th  = 0 .5  .
■ iA
0 2 4 i  i
T h i c k n e s s  o f  A i r  i n  M A4.
%
F igure  ( 28 ) .  ’
I o n i z a t i o n  -  E le c t ro d e  Spacing Curves. 
E l e c t r o d e s C o p p e r .
( 1 ) E f f e c t i v e  w avelength  = 0 ,5
( 2 ) = 0.172  hP.





T h ic k n ts s  o -f E h c t r o J m  in  M M .
m
F igure  ( 2 3 ) .
E x t r a p o l a t i o n  of I t o  zero  e l e c t r o d e  t h i c k n e s s .  
E l e c t r o d e s C o p p e r .
E f f e c t i v e  w avelength  = 0 .5  .
a?
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T H I C K N E S S  O F  A I R IN MM.
F igure  ( 24 ) ,
I o n i z a t i o n  -  E le c t ro d e  Spacing Curves. 
E l e c t r o d e s : -  P re s s e d  m ix ture  of ^ % 7 . 64 .
( 1 ) E f f e c t i v e  w avelength  = 0 .5  A°.
( 2 ) " 0.425  A°.
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T/ticÂnejs of Air in MM.
(1) (i)d.o » 2-22
(2) '1 * 3-7
(3) «  = 5 5
F ig u re  ( 2 5 ) .
I o n i z a t i o n  p e r  u n i t  sp a c in g  -  K lec trod e  Spacing  curves 
E f f e c t i v e  w ave leng th  = 0 .5  A°.
( 1 ) E l e c t r o d e s : -  P r e s s e d  m ix tu re  of ? = 12 . 84 .
( 2 ) ^ " " " ;  = 17 . 04 .
( 3 ) " " " " i  = 20 . 84 .
I z  3 4
T hickness o f  A ir  in MM,
0  35
F ig u re  ( 2 6 ) .
I o n i z a t i o n  -  E l e c t r o d e  Spacing  Curves.  
E l e c t r o d e s : -  P r e s s e d  m ix tu re  of ^ = 12 . 84 .
( 1 ) E f f e c t i v e  w ave leng th  
( 2 ) "
0 . 5  A°.





F ig u re  ( 2 7 ) .
E x t r a p o l a t i o n  of I t o  zero  e l e c t r o d e  t h i c k n e s s  
E f f e c t i v e  w ave leng th  = 0 .5  A°.
( 1 ) E l e c t r o d e s ; -  P r e s s e d  m ix tu re  of  ^ = 12 . 84 .
( 2 ) " " ” " I  = 17 . 04 .
( 3 ) " " " " g = 2 0 . 8 4 .
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F ig u re  ( 28 ) .
I o n i z a t i o n  -  E le c t r o d e  Spacing Curves. 
E l e c t r o d e s : -  P re sêe d  m ix tu re  of -  = 17 . 04 .
( 1 ) E f f e c t i v e  w ave leng th  = 0;5  A°.
( 2 )
(3 )
= 0 . 3 2 8  A°.
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F ig u re  ( 29 ) .
I o n i z a t i o n  - E le c t r o d e  Spacing  c u rv e s .  
E l e c t r o d e s : -  P r e s s e d  m ix tu re  of -  ■= 20
( 1 ) E f f e c t i v e  w ave leng th  = 0 .5  A°.
( 2 )
( 3 )
= 0 . 4 2 5  A°.
= 0 . 1 2  A°.
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F ig u re  ( 3 0 ) .
I o n i z a t i o n  - E l e c t r o d e  Spacing  u u rv e s .  
E l e c t r o d e s Copper .
( 1 ) E f f e c t i v e  w ave leng th  = 0.425  A^.
( 2 )  ^ = 0 .1  A°.
I (Z )
0 025 0 05
Thickness o f  E /ec fro J*  in MM.
0-075
F ig u re  (3 1 ) .
E x t r a p o l a t i o n  of I  t o  zero  e l e c t r o d e  t h i c k n e s s .  
E l e c t r o d e s : -  Copper.
( 1 ) E f f e c t i v e  v /avelength  = 0 .425  A°. 
f 2 ) - " 0 .328  A \
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F igure  ( 3 2 ).
I o n i z a t i o n  p e r  u n i t  sp ac in g  - E le c t ro d e  Spacing Curves 
E f f e c t i v e  wavelength  = 0.425  A®.
( 1 ) E l e c t r o d e s : -  P re s s e d  m ix ture  of - z 12 . 84 .
#* ## ## f* ^
( 2 )
(3 )
= 17 . 04 . 
" :  = 20 . 84 .
m%-
1 2  3 4
Thicknmss o f  A ir  in K4M.
I S 7 5
0 20
vri,’
- ■ -I _
SI
#
Figure  ( 33 ).
I o n i z a t i o n  -  E le c t ro d e  Spacing Curves. 
E l e c t r o d e s : -  P r e s s e d  m ix ture  of -  = 12 . 84 .
( 1 ) E f f e c t i v e  wavelength  = 0.425  A^.
( 2 ) = 0.172  A°.
T h ic k n n s  o f  E lm ctrod» in  MM.
V.1
Figure  ( 3 4 ) .
E x t r a p o l a t i o n  of I t o  zero e l e c t r o d e  t h i c k n e s s .  
E f f e c t i v e  w avelength  = 0.425
( 1 ) E l e c t r o d e s P r e s s e d  m ixture  of % = 12 . 84 .
( 2 )  ^  ^ = 17 . 04 .
(3 ) " ;  = 20 . 8 4 .z
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T h ic k n a s s  o f  A i r  in  K fM .
Figure  (3 5 ) .
I o n i z a t i o n  -  E le c t ro d e  Spacing  Curves.
E le c t r o d e s  : -  P r e s s e d  m ix tu re  of -  % 17.04z





0 .18  A°. 
0 .172 AO. 
0 .1  A°.
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Figure  (3 6 ) .
I o n i z a t i o n  - E le c t ro d e  Spacing  Curves.  
E l e c t r o d e s : -  P e rsp e x  c o a te d  w i th  dag.
(1) E f f e c t i v e  w ave leng th  = 0 .328 A°.
(2) " ” = 0.172 A°.
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-  / é  —
TABLE il^l)
150 KVp. 3 m.a$
O o  mm. copper + 1 mm. Aluminium (Primary f i l t e r )
\ e  = 0 . 1 7 2  A° 
upper e le c t ro d e  Perapex coa ted  w ith  dag.
A ir  th ick n ess  
i n  M.M.
Scale
Reading e "
2 . 5 1 4 .2 0 . 1 6
3 . 0 6.8 0 . 1 9
3 . 5 1 5 . 0 0.22
4 . 0 22 .9 0 .2 5
4 . 5 3 1 . 5 0.28
5 .0 3 9 . 6 0.31
5 .5 4 7 . 5 0 . 3 4
6 .0 5 6 . 5 0 . 3 7
6 . 5 65 .1 0.40
The s lope  o f  the curve = O. 06  
See f ig u re  (3 6 ) curve (2)
mi
a
T h ic k n * » *  o f  A i r  in  M M .
\a/d-.o





F igu re  (3 7 ) .
I o n i z a t i o n  p e r  u n i t  sp a c in g  -  E le c t r o d e  Spacing  Curves. 
E l e c t r o d e s : -  Aluminium.
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F igu re  (3 8 ) .
I o n i z a t i o n  -  E l e c t ro d e  Spacing  Curves. 
E l e c t r o d e s : -  Aluminium.
(1) E f f e c t i v e  w ave leng th  = 0 .326 A°.
(2) " = 0.256 A°.
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F igu re  (3 9 ) .
I o n i z a t i o n  p e r  u n i t  sp a c in g  E le c t r o d e  Spacing  Curves. 
E l e c t r o d e s C o p p e r .
(1) E f f e c t i v e  w ave leng th
(2)
= 0 . 4 2 5  A°.
= 0 . 3 2 8
T h ',çkn * ss_ p f  A ir  in  M M .
(Z)




F igu re  (4 0 ) .
I o n i z a t i o n  - E l e c t r o d e  Spacing  u u rv e s .  
E l e c t r o d e s : -  Copper.
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0 6 
0 9
F igure  (4 1 ) .
I o n i z a t i o n  p e r  u n i t  sp ac in g  - E l e c t r o d e  Spacing  Curves. 
E f f e c t i v e  w ave leng th  = 0,328 A^.
(1) E l e c t r o d e s  : -  P r e s s e d  m ix tu re  of - = 12 ,64 .
(2) " " " " I  :  1 7 .04 .
(3) ” " " " T = 2 0 .84 .
T h ic k n e ss  e< Eh^frodm  »n A / M*
F igu re  (4 2 ) .
E x t r a p o l a t i o n  of I  to  zero  e l e c t r o d e  t h i c k n e s s .
E f f e c t i v e  w ave leng th  = 0 .388 AO.
(1) E l e c t r o d e s : -  P r e s s e d  m ix ture  of -  = 12 .84 .  
(8)
(3)
I  = 17 .04 .  
I  = 20 .84 .
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T h ic k n e ss  o f  A i r  in  MM.
F ig u re  (4 3 ) .
I o n i z a t i o n  -  E l e c t ro d e  Spacing  Curves.
E l e c t r o d e s : -  P re s s e d  m ix tu re  of -  = 2 0 .84 .z
= U.256
= 0.172 AO.
= 0 .1  A^.
(1) E f f e c t i v e wave leng th  =
(2) »T TT _
(3) r i r i  _















•H o  
- p  ^  
03 - P  























• ü» • 4 4  d
O p O o  -H
CM 0
rÛ 11 ra 0
11 0  1 3—«
i- i r < G ) 0 o
ICSJ O
•H












LCM f ^ o • H
O O rH 4 4
• • •











• 'H  
CO (M
ê  >5 
Urr\ 0 




















U ^  
P  OO Ü •
0  o
rH CM 0 1
?H










MO 0 0  rH hT\ LT\ M - LT\ CO
_4- O  CM O M M O r O s C M  O  0 0  MO LCM -4-  
m o l t n -4 -  r r \  r r \  r r \  hCM CM CM CM CM
• • • • • •  » • • • • •

















CM o  -4-  o o  o  
rr \ t r \  MO N -  OM
LCM - 4




















« •  •
rH rH rH
1 I I
4 MO 4 OM
LCM LCM o o H
rH OO OM CM o o 4 rH 0 0
rH OM 0 0 OO S , h - MO
• # • • . • • •
rH O O O o O O O
CM rH CM LCM LCM rH O OM
# # # # • # • •
CM MO CM CM CM MO 4 4
4 rH KM 4 OM N . MO LCM
 LCM O  rH MO
-4* -4- - 4  f4M
LCM O  LCM O LCM O  LCM O  LCM O LCM O
•  • •  • • •  . • • • • •






















O  Ü 0 p  d
• HH Ü04h A 
O  CO
d m
O  n o  
• H  O  
P  d  
0  P  fH O 
O  0





nO  O K M  CM
O  S-r O  k m  H
P4 P K M  r H  O M
P  0 M LCM U M  4-0 0 •  •  •
0  r 4  < î o o o
r 4  0
0  M O
d  LCSG 0  CM
d  0  •
• H  15 O 4 4  d
d  p o * H
• H  0  U
G P 0 0
d  x o 0 l O  . LCM LCM
r 4  d  ' 0 o G CM< o d  d  0 O  f - 4  CM
• t4 S  p •  •  •
P 0 0 o o o0 • H  0









































H N. o CM
4 O o o MO
CM CM H H• • # •
O O o O
O M
o o
H r 4 o LCM
4 H M O O
CM K M Km 4
• • # #










KM CM CMH r4 r4• # m
O o o
N -
O  O O  LCM
K M  M O  O  
LCM LCM M O
•
o*o o
o O LCM O r 4• • • • • •
4 o LCM O M 4 0 0
H H r 4 CM CM
O U M O LCM O LCM O LCM Oe • • • • • # • #





















F ig u re  (4 4 ) .
I o n i z a t i o n  p e r  u n i t  sp a c in g  - E le c t ro d e  Spac ing  Carves 
E f f e c t i v e  v a v e le n g th  = 0.256 A°.
f 1) ' E l e c t r o d e s : -  P re s s e d  m ix tu re  of -  -  i ?  p,a 
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T h ic k n e s s  o f  A ir  in  MM.
F igure  (4 5 ) .
I o n i z a t i o n  -  E le c t ro d e  Spacing  Curves.
E l e c t r o d e s : -  P r e s s e d  m ix tu re  of -  = 12 .84 .z
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Figure  (46) .
I o n i z a t i o n  p e r  u n i t  spacing - iîilectrode Spacing uurves 
E f f e c t i v e  wavelength = 0.172 A°:
(1) E l e c t r o d e s : -  P re s se d  mixture of - = 12.84.
(2) " " " I  = 17.04.
(3) " •’ "  ^ = 20.84.
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I o n i z a t i o n  -  E lec t ro de  Spacing Curves 
E l e c t r o d e s : -  Perspex  coa ted  w ith  dag.
(1) E f f e c t iv e  wavelength  = 0.12 A^.
(2)  = 0 . 1  AO.
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Figure  (48) .
I o n i z a t i o n  p e r  u n i t  spac ing  - E le c t ro d e  Spacing Curves 
E l e c t r o d e s : -  Aluminium.
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Figure  (49).
I o n i z a t i o n  - E lec t ro de  Spacing Curves 
E lec t ro d e s  : -  Aluminium.
(1) E f f e c t i v e  vmvelength z 0.172 A^
(2)  ^ = 0.120 A°
(3) = 0 .1  AO.
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F igure  (5 0 ) .
“ÎP ao l -d  C»,vaa
(1) E f f e c t i v e  wavelength
( 2 )
( 3 ) " •!
0.172 Ô.O. 
0.120 A°'. 
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Io n iz a t io n  pe r  u n i t  spacing - E lec trode  Spacing Curves 
E f f e c t iv e  wavelength = 0.12 A°.
(1) E l e c t r o d e s ; -  P ressed  mixture of = = 12.84.
(2)  n 1
( 3 ) T 2 = 17.04. 2 = 20.84.
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F ig u re  (5 2 ) .
I o n i z a t i o n  p e r  u n i t  s p ac in g  -  E le c t ro d e  Spacing  Curves. 
E f f e c t i v e  w avelength  = o , l  A°.
(1) E l e c t r o d e s : -  P r e s s e d  m ix tu re  of  -  = 12 .84 .
(2) " " '' # = 17 .04 .





LTN •H H Ë 
B
H
m  ^  
 ^ (il o






































0  ^  
ü  05 




























CM H  
CT\ MO




























































M - CM 
# *
























































®  3 - 7 :
/«->. U M  B 0  O H  BP 
N .  H






i '  ê t
5  B Pi


















Ph ^  
0







ü  05 







O OM OO :$
0 0
LCM OM MO CM
KM CM CM CM CM
• • • • »

























M - o KM MO KM MO
KM H 0 0 UM CM 0 0 LT\ H
LCM MO MO N . OO OO OM O
• • • # # • • •
O O O o O O O H
O H CM N . L M L M CM o
• • • • • • • # # «
O o O OO N - U M KM CM o
U M H CM CM KM -4 ' U M MO oo
o L M O L M O L M• • • • • #






































# /”--N r4 /^—'
B Jh 
•  0
LTN B r i  .




+  ^ #
U O 0 1 I S 3
• d  0
^  o §P> *H




p q-4 ^  
°CQ





CM IT\ N . LT\ VO CT\ - 4 O MO
CTh y - rH CT\ oo \D MO MO UT\
M i-d CM CM CM rH rH H (H (H rH H
# # # • * • # # • •
O O O O O O O O O O
& rCN LC\ N - OO
CTv CT\ LT\ rH h - - 4 O MO
H CM rr\ -4- - 4 LT\ X^> v o N . oo 00
• • • • • f # # • •
O O O O O O o O o O  .
g)
0 ri 
H N . VD K\ U H rT\ MO o oo
0  < 0 • # • # e # # • # •
ü 0 ÜT\ -4- N - ir \ CM (T\ v o -4 CM OM





^  - r i  .
O LC> O LTN O L^ ^ o LO» O LCH0 • • # • • • • • • • •





































r -i 00 MD 
r—1 r4fH r4
LTN
O  r r \
V )  o o
00 H \ co
O  O  CTn




r 4  H  
Cd nO 
ü  0  

















-  9 5  -
IV. DISCUSSION AND CONCULSIQNS
The i o n i z a t i o n  c u r r e n t  produced in  th e  chamber 
by a c e r t a i n  q u a l i t y  o f  r a d i a t i o n  i s  due to  th e  f o l lo w in g  
groups  o f  e l e c t r o n s
1. The pho to  and r e c o i l  e l e c t r o n s  a r i s i n g  from th e  a i r  
i n  th e  chamber.
2 . The r e c o i l  e l e c t r o n s  a r i s i n g  from the  w a l l  of  th e  
chamber.
5* The p h o t o e l e c t r o n s  from the  w a l l  o f  th e  chamber.
4-. The Auger e l e c t r o n s .
T h e r e fo re ,  i n  an i n f i n i t e l y  sm all  c a v i t y  i n  a 
homogeneous medium p la c e d  in  a un ifo rm  f i e l d  of  X -rays  
or  y - r a y s ,  t h e r e  i s  an atmosphere o f  f a s t  e l e c t r o n s ,  
made up of  r e c o i l  and p h o to e l e c t r o n s  from a i r ,  r e c o i l  
and p h o t o e l e c t r o n s  from the  w a l l  and Auger e l e c t r o n s .
S ince  th e  s c a t t e r i n g  a b s o r p t io n  c o e f f i c i e n t  
p e r  e l e c t r o n  (e^a)  ^ o r  th e  w a l l  i s  independen t  of the  
n a t u r e  of  th e  w a l l s ,  which a re  a l s o  th e  e l e c t r o d e s ,  
we may conc lude  t h a t  a change in  th e  m a t e r i a l  of  th e  
e l e c t r o d e s  w i l l  c a u se  a change only  in  th e  p h o t o e l e c t r o n  
and Auger e l e c t r o n  atmosphere ( 5 ) and (if)*
In  th e  ca se  of  p h o t o e l e c t r o n s  two f a c t o r s  a f f e c t  
t h e i r  number and energy.
(a )  The number o f  p h o t o e l e c t r o n s  i n c r e a s e s  w i th  atomic 
number o f  w a l l  m a t e r i a l .
-  94- -
(b) The energy  of p h o t o e l e c t r o n s  changes w i th  th e
q u a l i t y  of i n c i d e n t  r a d i a t i o n .  (The change i s  
s l i g h t  f o r  r a d i a t i o n s  o f  long  wavelengths  b u t  
r a p i d  f o r  r a d i a t i o n s  of  s h o r t  wavelengths such 
as h a rd  X -rays  and ^ r a y s . )
I n  th e  ca se  of Auger e l e c t r o n s  i t  has been found 
t h a t  ^59) t h e  l e n g t h  of  th e  Auger t r a c k s  i s  independen t  
o f  th e  w ave leng th  of  th e  i n c i d e n t  r a d i a t i o n  w h i le  i t  
i n c r e a s e s  as t h e  atomic number i n c r e a s e s ,
a .  The I o n i z a t i o n  -  Volume C urves .
When t h e  e l e c t r o d e s  a re  o f  g r a p h i t e ,  i n  eve ry  
ca se  examined t h e  c u rv e s  o b ta in e d  are  very  c l o s e l y  
s t r a i g h t  l i n e s  i n d i c a t i n g  t h a t  the  i o n i z a t i o n  Iq i s  
p r o p o r t i o n a l  to  a i r  volume ( v )  and t h a t  g r a p h i t e  i s  a 
c l o s e  ap p ro x im a t io n  to  a i r - w a l l  m a t e r i a l ,
l o  = HIqV   ( l )
The s lo p e  o f  th e  cu rve  (mo) in  any p a r t i c u l a r l y  
c a s e  th u s  g iv e s  th e  co r re sp o n d in g  v a lu e  of  th e  i o n i z a t i o n  
p e r  u n i t  volume and t h i s  v a lu e  i s  independen t  o f  th e  a i r  
volume i t e s l f  (See F ig .  I /)*  This  i s  a r e s u l t  a l r e a d y  
o b se rv e d  in  th e  c a se  of X -rays o f  200 kv. by F a i l i a  and 
Quimby ( lO ,  11 & 12) .
When th e  e l e c t r o d e s  a re  o f  h ig h e r  atomic number 
e x t r a  i o n i z a t i o n  i s  p roduced in  excess o f  t h a t  when the  
e l e c t r o d e s  a re  a i r  w a l le d .  This i s  produced e s s e n t i a l l y
-  9 5  -
by th e  e x t r a  p h o t o e l e c t r o n  em iss io n  from the  e l e c t r o d e s  
o f  h i g h e r  a tomic number. But th e  amount of e x t r a  io n ­
i z a t i o n  produced  i s  a f u n c t i o n  of  th e  e l e c t r o d e  psac ing . '
C o n s id e r in g  th e  p re v io u s  d a t a ,  the  amount of 
e x t r a  i o n i z a t i o n  p e r  u n i t  s p a c in g  in c r e a s e s  w i th  d e c re a se  
i n  e l e c t r o d e  s p ac in g  (P ig .  l 8 ) , ( The in c r e a s e  i s  s l i g h t
a t  l a r g e  s e p a r a t i o n  b u t  r a p id  a t  sm al l  s e p a r a t i o n )  and 
i t  i s  b ec au se  of  t h i s  dependence of th e  e x t r a  i o n i z a t i o n  
upon chamber d im ensions t h a t  th e  o b s e rv a t io n s  of  p re v io u s  
w orkers  proved d i f f i c u l t  to  i n t e r p r e t ,
b . The I o n i z a t i o n  p e r  U n i t  Spacing as The volume tends  to
l f £ 2 . ( i ) d  = o
I t  i s  e v id e n t  t h a t  a t  ze ro  sp ac in g  the i o n i z a t i o n  
must be  z e ro ,  b u t  th e  i o n i z a t i o n  per  u n i t  spac ing^g^  of  
a i r  has a d e f i n i t e  v a lu e  even when the  a i r  space  i s  
v a n i s h i n g l y  s m a l l .
T h e r e f o r e ,  i t  seems t h a t  we may i n t e r p r e t  our 
d a t a ,  and o b t a i n  the  ( g i  -  q v a lu e s  in  two ways.
For reaso n s  t h a t  w i l l  be  p o in te d  o u t ,  b o th  methods have 
t h e i r  advan tages  and d i s a d v a n ta g e s .  For th e  p r e s e n t  
p u rp o s e ,  t h e r e f o r e ,  i t  has been c o n s id e re d  d e s i r a b l e  
to  use b o th  methods and to  compare the  r e s u l t s  o b ta in e d  
by them.
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( i )  F i r s t  Method
F i r s t l y ,  and most s im ply ,  we may draw, a t  th e
o r i g i n ,  a ta n g e n t  to  the  i o n i z a t i o n  -  sp a c in g
c u rv e .  The s lo p e  o f  t h i s  g iv es  a measure of
th e  q u a n t i t y  we n eed ,  i . e .  , This\ a J a = o
method has the  advan tage  of b e in g  most d i r e c t ,  
b u t ,  u n f o r t u n a t e l y ,  i t  would n o t  seem p o s s i b l e  
t o  d e f in e  th e  ta n g e n t  w i th  very  g r e a t  p r e c i s i o n  
b ecau se  in  most c a se s  th e  i o n i z a t i o n  i s  changing  
so v e ry  r a p i d l y  w i th  e l e c t r o d e  sp ac in g  or a i r  
volume. We have however, de te rm ined  the  v a lu e s  
o b ta in e d  by t h i s  p ro c ed u re .
( i i )  Second Method
Secondly ,  i t  i s  p o s s i b l e ,  from th e  o r i g i n a l  
cu rv es  ( o r  th e  t a b u l a t e d  r e s u l t s ) ,  to  c a l c u l a t e  
v a l u e s  of i o n i z a t i o n  p e r  u n i t  sp ac in g  c o r r e s ­
ponding  to  each s e p a r a t i o n  (o r  volume u sed ) .
New curves  can nov; be drawn as shown b e f o re  
which show the  v a r i a t i o n  of i o n i z a t i o n  p e r  u n i t  
s p a c in g  w i th  s p a c in g .  From these  i t  i s  seen  
t h a t  as the  s p ac in g  d e c re a se s  towards ze ro  so 
th e  i o n i z a t i o n  p e r  u n i t  sp ac in g  i n c r e a s e s ,  i n  
some c a s e s  very  r a p i d l y .  E x t r a p o l a t i o n  of t h e s e
-  9 7  ~
cu rves  back to  ze ro  sp ac in g  (From the  minimum
sp a c in g  used) shou ld  load  to  th e  q u a n t i t y  we
n eed ,  i . e .  ( - )  . In  f a c t  i t  a id s  in  two
\ d / d = 0
ways.
(a) I t  g ives  a r e a d in g  f o r  t h e  c o n d i t i o n s  in  
which an i n f i n i t e s i m a l  a i r  volume i s  
co m p le te ly  surrounded  by the  same e l e c t r o d e  
m a t e r i a l .
(b) I t  e l i m in a t e s  th e  c o n t r i b u t i o n  to  the  
i o n i z a t i o n  due to  p a r t i c l e s  o r i g i n a t i n g  in  
the  a i r  volume.
This  method has th e  d isad v an tag e  of b e in g  l e s s  
d i r e c t  b u t  th e  advantage  t h a t  th e s e  curves  do emphasise  
one of th e  p o i n t s  t h a t  t h i s  work s e t s  out to  examine, 
v i z .  t h a t  i f  t h e  d im ensions  of the chamber a re  made 
s m a l l e r  and s m a l l e r ,  th e  i o n i z a t i o n  p e r  u n i t  volume 
v ; i l l  i n c r e a s e  s t e a d i l y  towards a l i m i t i n g  v a lu e  whereas 
p r e v io u s  o b s e r v a t io n s  w i th  r a t h e r  l a r g e  n o n - a i r  w a l l  
chambers have no t  tak en  t h i s  in to  accoun t .
The e x t r a p o l a t i o n  i t  i s  n e c e s sa ry  to  make i s
n o t  so a c c u r a t e  a p rocedure  as i s  d e s i r a b l e  c h i e f l y
b ec au se  of th e  r a t h e r  l a r g e  r a t e  of change of  i o n i z a t i o n
p e r  u n i t  volume as t h e  o r i g i n  is  approached*. V/e have
* Tha s i t u a t i o n  would have been  e a s i e r  i f  some even
s m a l l e r  sp a c in g s  had been  used and in  any f u r t h e r  work 
upon th e s e  l i n e s  t h i s  f a c t  should  be borne  in  mind.
Our a p p a r a tu s ,  c o n d i t io n e d  as i t  was by the  use o f  
X -ray  machines i n  a h o s p i t a l  departm ent  would h a r d ly  
have p e r m i t t e d  t h i s  in  any c a s e .
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a t t e m p te d  i t  n e v e r t h e l e s s .  This  f a c t  s e rv e s  a g a in  
to  emphasise how v e ry  sm a l l  th e  d im ensions  of th e  
n o n - a i r  w a l l  chamber may have to  be i f  th e  f u l l  
i o n i z a t i o n  due to  100 -  220 KVp. X -rays  i s  to  be 
o b se rv ed  i n  i t .
c . The A b s o rp t io n  F a c t o r  ( f )
From each exper im en t  w i th  a c e r t a i n  e l e c t r o d e  
m a t e r i a l  and c e r t a i n  wave leng th  of r a d i a t i o n  i t  i s  
p o s s i b l e  to  p l o t  th e  r e s u l t s  o b ta in e d  w i th  v a r io u s  
t h i c k n e s s  o f  upper  e l e c t r o d e  and by e x t r a p o l a t i o n  
to  ze ro  w a l l  t h i c k n e s s ,  o b t a i n  va lues  which sho u ld  
co r re s p o n d  to  no a b s o r p t i o n  in  th e  w a l l .  I n  some 
c a s e s ,  where th e  a b s o r p t i o n  was almost  l i n e a r  f o r  
th e  sm a l l  rang e  o f  w a l l  t h i c k n e s s  u sed ,  i t  was 
p o s s i b l y  s im ple  to  f i n d  a c o r r e c t i o n  f a c t o r  ( f )  
which a l low ed  f o r  t h e  a b s o r p t i o n  i n  t h e  t h i n n e s t  
w a l l  u sed .
d .  The R a t io  o f  I o n i z a t i o n  between chambers of  h igh  
a tom ic  Number and A ir  w a l led  m a t e r i a l
Our c h i e f  i n t e r e s t  c e n t r e s  upon th e
r a t i o  of  th e  i o n i z a t i o n s  (a s  V-h o) f o r  a h ig h  atomic 
number w a l l  and f o r  g r a p h i t e  (an  ap p ro x im a te ly  a i r  
e q u i v a l e n t  w al l )  f o r  each w ave leng th .
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Now th e  t h e o r e t i c a l  c o n s i d e r a t i o n s  ( s e e  p. 
e x p r e s s  th e  r a t i o  o f  i o n i z a t i o n  a s ,
J.
^ 1
R = _ 2
S in c e ,  f o r  a s t r i c t l y  a i r  w a l l  m a t e r i a l ,
mg J
J l  = —  ( i . e .  mo =
and,
= i  v S j  d = o ^........................... ..........
where f  i s  th e  c o r r e c t i o n  f o r  a b s o r p t io n  in  the  t h i c k n e s s  
o f  t h e  chamber w a l l  and A i s  th e  a r e a  of  the c o l l e c t i n g  
e l e c t r o d e .
T h e r e f o r e ,  .
R = X f  . . . . .  ( 5 )
hiq
T h e re fo re  i f ^ g ^  ^ ^ ^ i s  known by the  two p re v io u s  
methods and a l s o  mg and f  th e  v a lu es  of R can  be deduced 
i n  two ways and compared with  th e  c a l c u l a t e d  v a l u e s .
I t  must be n o te d  t h a t  the  v a lu e  of R o b ta in e d  in  
t h i s  manner from th e  ex pe r im en ta l  r e s u l t s ,  i s  deduced 
f o r  the  l i m i t i n g  c o n d i t i o n  of zero  a i r  volume, and 
t h e r e f o r e ,  i t  sh ou ld  s t r i c t l y  be comparable  to  th e  
c o n d i t i o n s  en v isag ed  t h e o r e t i c a l l y ,  when i t  i s  assumed 
t h a t  the a i r  volume i s  so sm a l l  as to  a llow th e  pho to ­
e l e c t r o n s  from th e  w a l l s  t o  c o n t r i b u t e  t h e i r  maximum 
p o s s i b l e  i o n i z a t i o n  d e n s i t y .  In  chambers of f i n i t e  
s i z e ,  as p r e v i o u s l y  used ,  t h i s  c o n d i t i o n  i s  n ev e r  
f u l f i l l e d .
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e. Comparison betw een  T h e o r e t i c a l  and P r a c t i c a l  Values
In  view of  th e  f a c t  t h a t  a t  very s h o r t  w av e len g th s ,  
t h e  p h o t o e l e c t r i c  a b s o r p t i o n  i s  n e g l i g i b l e  w h i le  th e  
a b s o r p t i o n  c o e f f i c i e n t  i s  predominant i t  i s  l e g i t i m a t e  
to  c o n s i d e r  t h a t ,
F o r  h a rd  r a y s  R   ^ 1* . . . . .  ( l )
( T h e o r e t i c a l )
I t  i s  a l s o  known t h a t  t h i s  i s  e x p e r im e n ta l ly  t r u e .
As th e  w ave leng th  increases"!^  becomes the  im p o r ta n t
f a c t o r .  S in ce  ( a c c o rd in g  to  W a l t e r ’ s formula) t h i s
c o e f f i c i e n t  i s  p r o p o r t i o n a l  to  we have:
—
where and Zp a r e  t h e  atomic numbers of th e  a i r  w a l l  
and heavy m a t e r i a l s  r e s p e c t i v e l y .
T h e re fo re  th e  i n c r e a s e  of ”R" i s  c h i e f l y  ac c o rd in g  
to  t h i s  r e l a t i o n .  Thus we conc lude  t h a t  the  amount o f  
i n c r e a s e  depends on th e  v a lu es  of  Zp.
For  l o n g e r  wavelengths  th e  f a c t o r  govern ing  th e  
r a t i o  i s  th e  a b s o r p t i o n  in  th e  w a l l s  and as in  our 
ex p e r im en ts  we e x t r a p o l a t e d  to  zero  w a l l  t h ic k n e s s  t h i s  
f a c t o r  is  e l i m in a t e d .
I n  th e  ca se  of  cerium  m ix tu r e s ,  f o r  w ave leng ths  
lo n g e r  th a n  0 . 5  A^. th e  p h o t o e l e c t r o n s  from the K s h e l l
*a c o r r e c t i o n  must be made f o r  th e  s to p p in g  power.
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a r e  n o t  e j e c t e d .  This  has the  e f f e c t  o f  c a u s in g  
to  d e c re a s e .  The amount of d im in u t io n  depends 
on the  amount of  cer ium  i n  t h e  m ix tu re .  T h e re fo re  
a maximum shou ld  he expec ted  in  t h e  i n t e r m e d ia t e  
r e g i o n  o f  w ave len g th s  and t h i s  maximum sh o u ld  he 
more pronounced  as t h e  amount of  cerium in  the  
m ix tu re  i n c r e a s e s .
The f i n a l  d a ta  o b ta in e d  f o r  th e  i o n i z a t i o n  
r a t i o s  by fo l lo w in g  th e  above p ro c ed u re s  a re  
t a b u l a t e d  below (T a b le s  Jh-, 7 5 ,  76 ,  J J , 78 and 79)  
T ab les  (75 & 78) show th e  r a t i o  v a lu e s  o b ta in e d  by 
drawing  ta n g e n t s  t o  th e  cu rves  a t  th e  o r i g i n ,  t a b l e s  
(74- & 77 ) th o s e  v a lu e s  o b ta in e d  by th e  o t h e r  method. 
In  t a b l e s  (76  & 79 ) ;  t h e  r a t i o  o b ta in e d  by th e  two 
methods a r e  r e t a b u l a t e d  t o g e th e r  w i th  th e  t h e o r e t i c a l  
v a l u e s  f o r  com par ison .
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Prom t a b l e s  (76  & 79) and graphs ( 5 3 , 5if, 5 5 , 56 
& 57) see t h a t  f o r  aluminium th e  exper im en ta l  r e s u l t s  
ag ree  approxim ately*with  th e  t h e o r e t i c a l  va lues  f o r  
q u a l i t i e s  ranging  from 0*5 to  0 .1  A°, I n  the  case
of copper a co n s id e rab le  d i f f e r e n c e  between the  e x p e r i ­
mental  and t h e o r e t i c a l  v a lues  occurs ,  e a p e c i a l l y  f o r  
lo n g e r  wavelengths.  The t h e o r e t i c a l  va lue  a t  0 .5  A^. 
i s  two times the exper im en ta l  va lue  as seen  from f i g u r e  
( 5^ ) .  This d i f f e r e n c e  decreases  as the  wavelength  
d ec rease s  u n t i l  they seem to agree  approxim ate ly  in  the  
r e g io n  of  0 .12 A° o r  l e s s .
For cerium mixtures  ( see  f i g .  55# 5^ #  & 57) th e  
ex p e r im en ta l  values  are  near  minimum f o r  s h o r t  wave­
l e n g th s ,  then  in c re a s e  t i l l  they a t t a i n  a maximum a t  
about 0 .2  then dec rease  as the  wavelength in c re a se s .
I t  i s  a l so  n o t i c e d ,  as was p r e d ic t e d  t h e o r e t i c a l l y ,  t h a t  
the  va lues  of the  maxima vary with  the  com posi t ion  of th e  
m a te r i a l  to be compared w ith  the  a i r  w a l l  chamber. The 
g r e a t e s t  maximum value  of R i s  fo r  Z = 20.8^ and l e a s t  
f o r  Z = 12.8a . I t  may be seen  a l so  t h a t  the  r i g h t  hand 
branch  of the curves  i s  f l a t  bu t  the  d i f f e r e n c e  between 
th eo ry  and experiment in c re a se s  as th e  atomic number o f  
the  mixture i n c r e a s e s .
* This  may be because we' use a spectrum of r a d i a t i o n  
and not  a monochromatic one.
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Q u a n t i t a t iv e ly  we f in d  c o n s id e ra b le  d i f f e r e n c e s  
between the experimenta l  and t h e o r e t i c a l  va lues  f o r  the  pressed  
m ix tu res ,  e s p e c i a l ly  f o r  the  longer  wavelengths.  They 
seem to agree approximately  in  a l l  mixtures i n  the  reg io n  
o f  0.08 A^. o r  l o s s  ( c . f ,  Aly and ' ; i l s o n )  and then  b e g in  
to d i f f e r  co n s id e rab ly .
Considering  our r e s u l t s  in  g en e ra l ,  i t  appears  
l i k e l y  t h a t  t h e r e  i s  agreement between theory  and 
experiment f o r  walls  of  elements of atomic number up 
to about 13, even up to a.wavelength of the o rd e r  of O.5  
I n  the absence of more data i t  i s  not p o s s ib le  to  say f o r  
what atomic number d isagreem ent f i r s t  appears  i . e .  the 
d isagreem ent here i s  n o t  sharp. Also, i t  i s  p robab le ,  
p a r t i c u l a r l y  in the l i g h t  of t h e o r e t i c a l  c o n s id e r a t io n s  
p u t  forward l a t e r ,  t h a t  f o r  m a te r i a l s  of d i f f e r e n t  atomic 
number in  t h i s  range, d isagreement w i l l  f i r s t  occur a t  
d i f f e r e n t  wavelengths.  For copper (Z = 29) the theory  and 
experiment agree  f o r  a wavelength of about 0 . 1 2  A°.
For cerium mixtures ,  however, the agreement occurs  in  
the  reg ion  of 0.08 A^. and beyond t h a t  the degree of 
d i f f e r e n c e  i n c re a s e s  very r a p id ly  with the  i n c r e a s e  of 
wavelength.
-  1 1 0  -
The experiments of v a r io u s  workers who have made 
measurements of the  i o n i z a t i o n  produced by high v o l t a g e  
r a d i a t i o n  in  i o n i z a t io n  chambers having w a l l s  of v a r io u s  
atomic number, i n d ic a te  d i f f e r e n c e s  between theo ry  and 
exper im en ta l  r e s u l t s , t h e  l a t t e r  being l e s s .  In  g en e ra l  
t h i s  d i f f e r e n c e  in c re a s e d  with the  in c re a s e  of wavelength.
I n  most o f  these  experiments  the s i t u a t i o n  was confusing  
because of the e f f e c t  of the  dimensions of the  chambers used 
and a b so rp t io n  o f  r a d i a t i o n  in  the  chamber w a l l s .  The 
expe r im en ta l  method used in  the p re s e n t  work has a t tem pted  
to  e l im in a te  these  f a c to r s ,  b u t  d i s c re p a n c ie s  s t i l l  e x i s t  
between the ex p e r im en ta l ly  observed and t h e o r e t i c a l l y  
c a l c u l a t e d  r e s u l t s  when the  wavelengths used a re  s u f f i c ­
i e n t l y  g re a t ,  and the atomic number of the chamber, or of 
c o n s t i t u e n t s  of the chamber, i s  s u f f i c i e n t l y  high.
When th e  quantum energy of  th e  i n c id e n t  r a d i a t i o n  
i s  g r e a t  compared w i th  th e  b ind ing  energy of  t h e  pho to ­
e l e c t r o n  removed th e  th eo ry  ho lds ;  th e  d isc rep an cy  
appears  as th e  b in d in g  energy r i s e s  o r  becomes a s i g n i f i c a n t  
f r a c t i o n  o f  th e  quantum energy.
For th e  range of  wavelengths i n v e s t i g a t e d  i n  our
-  I l l  -
experiments  (0.5 A°. to 0 .1  A°.) the e n e rg ie s  o f  th e  
inci(3ent  quanta range from about 25 to 125 eKV.
When these  quanta a c t  p h o t o e l e c t r i c a l l y  on the  m a te r i a l  
of  the copper chamber, r e s u l t i n g  quanta of copper K 
r a d i a t i o n  appear which have an energy o f  about 9 eK- .^
Thus about 36% to 7% of the  energy p h o t o e l e c t r i c a l l y  
removed from the primary  beam reappears  as secondary 
X -  r a d i a t i o n .  This r a d i a t i o n  may a c t  p h o t o e l e c t r i c a l l y  
on ano th e r  (L or  M probably)  e l e c t r o n  in  the same atom to 
e j e c t  i t  (Auger e f f e c t )  o r  may be
absorbed in  o th e r  p a r t s  of th e  chamber.
Also, in  the case  of cerium mixtures ,  f o r  wavelengths 
above 0.35 A^. the  K e l e c t r o n s  a r e  no t  e je c te d  and the  
L r a d i a t i o n  has a c r i t i c a l  p o t e n t i a l  of about 5 eKV. •
Below 0 .3 5  yp. the K e le c t r o n  i s  e je c te d  having 
c r i t i c a l  p o t e n t i a l  of about 40 eKV. Thus we expect  
more energy to be p h o t o e l e c t r i c a l l y  removed in  t h i s  case  
and t h a t  i s  p robably  why the  agreement w ith  theory  in 
t h i s  case  i s  a t  a s h o r t e r  wavelength than  in  th e  case  of 
copper .
A p o in t  of comparison which i s  a l s o  of i n t e r e s t  in  
t h i s  r e sp e c t  i s  as fo l lo w s .  The b a k e l i te  -  g r a p h i t e
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m ix tu re  loaded  w ith  1 .6  p e r  cen t  cerium oxide i s
approx im ate ly  e q u iv a len t  to aluminium as re g a rd s  energy
a b s o rp t io n  b u t  i t  i s  no t  eq u iv a le n t  to  i t  i n  r e s p e c t  o f
energy o f  secondary e l e c t r o n  omission ( s e e  f i g  55 & 5 5 )
b ecause  th e  c r i t i c a l  v o l t a g e  fo r  th e  cerium K e l e c t r o n
i s  about i|0 oICV. The p h o to e le c t ro n s  from the  corium
w i l l  thus  have much lower en e rg ie s  than  those  from
aluminium. Over th e  wavelength range 0.1  to 0 . 3  A°.
the  cerium K -  e l e c t r o n s  w i l l  be e j e c te d  w ith  e n e rg ie s
rang ing  approxim ate ly  from 80 eI{V. to zero,  whereas
th o se  f o r  aluminium w i l l  have n e a r ly  the  f u l l  quantum
e n e rg ie s  o f  120 el{V. -  1|0 eKV.
Moreover, a d i s c o n t i n u i t y  in  the response  of th e
cerium  loaded chamber might be expected a t  \  = 0.3U A^.,
the wavelength of the cerium K a b so rp t io n  edge and the
cu rv es  in  f ig  (5 5 , 56 & 5 7 ) show d i s t i n c t  ev idence of
t h i s  e f f e c t  (see a lso  S p ie rs )
In  a d d i t io n  (^4, 46) the p h o to e le c t ro n s  are
not e je c te d  in  the  d i r e c t i o n  of the  i n c i d e n t  r a d i a t i o n ,  
b u t  a t  an angle  6 to i t ;  the component of range o f  th e  
e l e c t r o n s  in  the d i r e c t i o n  of the r a d i a t i o n  i s  p r o p o r t i o n a l  
to  cos 0 . For h ig h e r  atomic number 0 i n c r e a s e s  while
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C O S 0  decreases  and so a l s o  the component of th e  range 
o f  the e lec tron#  The e f f e c t  of g r e a t l y  reduced ranges 
o f  the p ho toe lec t rons  w i l l  be to  lower the  p h o t o e l e c t r i c  
c o n t r i b u t i o n  to the i o n i z a t i o n  of the chamber. This 
p o in t  could be s tu d ie d  by vary ing  the  ang le  of in c id en ce  
o f  the  beam of r a d i a t i o n  w ith  r e s p e c t  to the p la n e  w al ls  
o f  the chamber.
F i n a l ly ,  a l though  the s u r fa ce s  of the  e l e c t r o d e s  
used were c le a n  they were not  e s p e c i a l l y  prepared  so t h a t  
we cannot d is reg a rd  e n t i r e l y  the  p o s s ib le  e f f e c t s  of su r fa c e  
c o n d i t io n s  on the v e l o c i t i e s  of  the  e l e c t r o n s .
These c o n s id e r a t io n s  may, to a c e r t a i n  e x t e n t ,  account  
f o r  the d is c re p a n c ie s  between the measured va lues  of th e  
i o n i z a t i o n  and those c a lc u la te d  simply from the Bragg-Gray 
th eo ry .  These d i s c re p a n c ie s  have been n o t i c e d  a t  a l l  
s t e p s  of our i n v e s t i g a t i o n  with v a r io u s  chamber m a te r i a l s  
(s imple elements and cerium mixtures covering  th e  same 
range of atomic number) and wavelengths ranging  from 0.5  
to 0 ,1  . For elements in  the lower range of atomic
numbers, c e r t a i n l y  up to Z = 13> i t  would seem t h a t  f o r  
wavelengths up to a t  l e a s t  0 .5  A ^ . , the Bragg-Gray 
theory  leads  to  r e s u l t s  which are  q u i t e  com patib le  with
l l i f  -
exper im ent.  I t  should thus  be q u i t e  s a t i s f a c t o r y  to 
use  t h i s  theory  f o r  c a l c u l a t i o n  of the energy absorbed 
from r a d i a t i o n  by media in  t h i s  range of q u a l i t y  and 
a tom ic number. For each h igher  atomic number i t  i s  
p o s s ib l e  t h a t  th e re  i s  some wavelength below which the 
theo ry  i s  s t i l l  a r e l i a b l e  s ta tem en t  of the f a c t s .  
t  -  E le c t ro n  Range and I o n i z a t i o n  -  E lec t ro d e  -  Spacing 
Curve.
I t  was thought t h a t  a p o in t  of i n t e r e s t  in  t h i s  
study might be the  d e te rm in a t io n  of the  mean energy 
and the mean range in  a i r  of the  secondary e le c t r o n s  
em it ted  from the w al ls  of the d i f f e r e n t  m a te r i a l s  
used, s ince they should be r e l a t e d  to  the r e s u l t s  
o b ta in ed .
For the d e te rm in a t io n  of  the mean range of the  
e l e c t r o n s  i t  i s  necessa ry  to know the r e l a t i v e  
numbers and a b s o lu te  ranges of p h o to e le c t ro n s  and 
r e c o i l  e l e c t r o n s ,  
i  -  R e la t iv e  numbers of  Recoil  and P h o to e le c t ro n s
Since one quantum i s  s c a t t e r e d  in  the  p rod uc t ion  
o f  each r e c o i l  e l e c t r o n  and one quantum i s  invo lved  in  
each  p h o t o e l e c t r i c  -emission the p ro p o r t io n  of the  t o t a l
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number of e le c t ro n s  which a r e  r e c o i l  e l e c t r o n s  i s  given 
by
Nr =   (1)
e  ^ + e
where i s  the s c a t t e r i n g  a b so rp t io n  c o e f f i c i e n t  and e^ 
i s  the  p h o to e l e c t r i c  c o e f f i c i e n t .
A lso , th e  r e l a t i v e  number of p h o to e le c t ro n s  i s  
g iven  by
^  .................e '  + e
This r e l a t i o n s h i p  has been t e s t e d  exp e r im e n ta l ly  
f o r  a i r  and found to be c o r r e c t  a t  l e a s t  w ith in  expe r im en ta l  
e r r o r  (48, U9, 5 0 , 51)
In  the case  of s c a t t e r in g  m a te r i a l s  such as  carbon 
and aluminium a l l  the p h o to e lec t ro n s  a re  from the K she l l .
In  th e  case  of heavy s c a t t e r i n g  elements such as copper 
and cerium some of the p h o to e le c t ro n s  a re  from the  K s h e l l  
and the  o th e rs  from the L s h e l l .  The f r a c t i o n  o f  the 
t o t a l  number of e j e c te d  photo e le c t ro n s  which come from the 
K s h e l l  (52)
1
where r^  I s  the K a b s o rp t io n  jump r a t i o  (85, 54, 55)
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Therefore  the r e l a t i v e  numbers of the p h o to e le c t ro n s  
which come from the K and L o r b i t  a re  r e s p e c t i v e l y
Ng =   (3)
and,
i  ................
We have c a lc u la te d  the r e l a t i v e  numbers of r e c o i l  
and p h o to e le c t ro n s  by t h i s  means f o r  the d i f f e r e n t  m a t e r i a l s  
used in  our i n v e s t i g a t i o n .
I t  must be remembered t h a t  in  g e n e ra l  the photo­
e l e c t r o n s  have f a r  g r e a t e r  e n e rg ie s  than the  r e c o i l  
e l e c t r o n s  and th e r e f o r e  the  r e l a t i v e l y  few p h o to e le c t ro n s  
which a r e  produced by s h o r t  wavelength r a d i a t i o n  are  of 
more importance in  the production  of i o n i z a t i o n  than t h e i r  
numbers would lead one to suppose. The r e l a t i v e  e n e rg ie s  
o f  the two s e t s  of e le c t ro n s  may be found from the  
fo l lo w in g .





where Ap and Ap a r e  the r e l a t i v e  en e rg ie s  of the  
p h o to e le c t ro n s  and the  r e c o i l  e l e c t r o n .
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( i l )  -  The a b s o lu te  va lue  of the range
The a b s o lu te  values  of the range of the secondary 
e l e c t r o n s  have been c a lc u la t e d  us ing  W ilson’ s d a ta .  The 
va lues  a re  not  very ac c u ra te  bu t  in tended to g ive  an 
approximate idea of the magnitudes invo lved .  According









,Kwhere Rp, Rp and Rp are  the ranges in  a i r  in  cm. of the 
p h o to e le c t ro n s  from the K s h e l l ,  the L s h e l l  and the 
r e c o i l  e lec t ro n s  r e s p e c t i v e l y ,  a l s o .
,K
= h ( V -  V ,)
( 7 )
:nd
= me2 1 + 2oc
where m i s  the  mass of the e l e c t r o n ,  c i s  the 
v e l o c i t y  of l i g h t ,  h i s  P l a n c k ' s  c o n s ta n t ,  "V i s  the 
f requency  of i n c i d e n t  r a d i a t i o n * , V ^ is  the c r i t i c a l  
f requency  of the K s h e l l  and Vy^is t h a t  of the L s h e l l
* We have assumed V to be t h a t  corresponding  to the  
e f f e c t i v e  frequency of the r a d i a t i o n  a l th o u g h ,  of 
course ,  in  a c tu a l  f a c t ,  a whole range of V va lues  
a r e  p re se n t .
— 1 1 8  *
Most of th e  T) ho to  e l e c t r o n s  a r e  e j e c te d  a t  a 
l a r g e  angle  0 to  the  d i r e c t i o n  of the  x -  r a y  beam. 
The l e n g th  o f  the p a th  i n  th e  forward d i r e c t i o n  i s  
then  p ro p o r t io n a l  to th e  cos ine  o f  t h i s  angle .  On 
t h i s  b a s i s  the  p re v io u s  eq u a t io n s  become.
4 cos Gg
\7here ,(sec  r e f .  I4.0 )
V
/ h  (V -  V k)
2 m
and.




( i i i ) -  The mean Range of the  e l e c t r o n s  i n a i r
The mean energy of  th e  p h o to e le c t ro n s  f o r  the  
m a t e r i a l s  i n  our i n v e s t i g a t i o n  was c a l c u l a t e d  from th e  
fo l low ing  formula
E.a  = eS  nI  + e^ Nk ( 10)
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w h i le  f o r  r e c o i l  e l e c t r o n s
= Ep Np   (11)
was used.
Thus i n  the  case  of g ra p h i te  or a lu m in iu m . i .e .  
m a t e r i a l s  o f  low atomic number, the  fo l low ing  formula 
was used fo r  th e  range o f  th e  e l e c t r o n s  in  a i r .
R = Up c o s e  + IT   (12)
^  440 ^ 440
while  f o r  m a t e r i a l s  o f  h igh  atomic number.
Np cos L- Np cosQ^ + Nr (13)
440 ^ 440 440
The r e s u l t s  o b ta in ed  from th e s e  c a l c u l a t i o n s  a re  
l i s t e d  in  t a b l e s  ( 8 0 , 81 & 82)
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TABLE (81)
The mean ranges  a re  c a l c u l a t e d  in  th e  
same manner d e sc r ib ed  b e f o r e  f o r  chambers 
o f  e f f e c t i v e  atomic number as  s t a t e d .
V
i n  A°
Rm i n  cm. 
fo r
2 = 12.84
Rn i n  cm 
f o r
2 = 1 7 .0 4
Rn i n  cm 
f o r
2 = 20. 84
0 .5 0 .0 5 4 3 0 .0 9 9 0 .1 1 0 9
0.45 0 .0907 0.1283 0 .147
0 .4 0 0 .1 4 8 5 0.1653 0 .1 9 6 8
0.35 0 .0472 0 .0537 0 .0561
0 .3 0 0 .0 7 2 0.082 0 .0 9 1 6
0 .2 5 0 .1 2 8 3 O .I637 0.18
0 .2 0 0 .2 5 0 3 0 .3 5 5 0 .4 2 9
0 .1 5 0 .5 2 2 3 O.8O4 1.016
0.12 0.8867 1 .3 2 8 1.781
0.08 2 .421 3 .1 4 9 4 .0 1 9
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TABLE ( 8 2 )
The mean ranges a re  c a l c u l a t e d  in  the  same 
manner d e sc r ib ed  b e fo re  f o r  chambers o f  
simple elements as  s t a t e d .
i n  PP.
Rm in  cm.
f o r
g r a p h i t e .
Rn i n  cm.
fo r
aluminium
Rm i n  cm.
f o r
copper
0 .5 0.068 0.163 0 .0977
0 .4 5 0 .0 7 0 .2 0 9 0 .1 3 9
0 .4 0 0 .072 0.261 0 .2 0 3 8
0 .3 5 0 .0 7 7 0 .3322 0 .3 0 9
0 .3 0 0.08 0 .4 3 1 6 0.5899
0 .2 5 0 .0 9 8 0.5394 0 .8 2 4 3
0.20 0 .1 2 3 6 0.646 1 .5 0 7
0 .1 5 0.2328 0 .7 5 4 2 3 . 3O8
0.12 0 .5 0 5 3 O.9O6I 4 .969
0.08 • 1 .9 5 4 1 .9 5 4 8.789
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TABLE (85 )
The th resho ld  e lec tro de  -  spacing "d" 
fo r  mixtures and simple element&
i n \ °
"a" in  M.M.
fo r
Al.
“ d" in  M.M.
fo r
Cu.
"d" in  M.M. 
fo r  
Z = 12.84
”d" in  M* M. 
fo r
z = 1 7 .0 4
--------T~~' -----
" d" in  M.M. 
fo r
Z = 20.84
0 .5 2 .5 5 .0 1-5 2 .0 2 . 0
0 .425 2.5 6 .0 1-5 1-5 2 .0
0 .328 2 .7 5 6 .0 3 .0 3 .5 4 . 0
0 .256 2 .5 - 2 .0 2 .0 2 .0
0 .172 2 .0 6 • ^ 2 .0 2 .0 2 .0
0 .12 2 .0 4 .0 1 .5 1 .5 1 .5
0.1 5 .0 4 . 0 1.0 1 .5 1-5
-  1 2 4  •“
I f  the ch a rac te r  of the Io n iz a t io n  per 
u n i t  spacing -  E lec trode  spacing curve is  to he
a t t r i b u t e d  to the ch a ra c te r  of the mean ranges 
of the e lec t ro n s  emitted from the walls  the 
fo l low ing  i n t e r p r e t a t i o n  might be s u i t a b le .
I t  i s  ev iden t  from the previous data th a t  
the  r a t e  of change of  io n iz a t io n  with spacing i s  
approximately cons tan t  up to a c e r t a i n  th re sh o ld  
spacing  below which i t  inc reases  ra p id ly  as the 
spacing decreases .
With the  elements aluminium and copper 
the  th re sh o ld  spacing appears approximately to  
decrease with decrease of wavelength, the 
spacings being very much g re a te r  fo r  copper than 
fo r  aluminium. This poss ib ly  may be a t t r i b u t e d  
to  the f a c t  t h a t  the mean range of e lec tro ns
in c re a se s  r a p id ly  a t  short  wavelengths.
In  the case of cerium mixtures the th re sh o ld  
spacing decreases  w ith  decrease of  wavelength, then 
increases  to  a pronounced maximum value a t  0 .528  A ° . ; 
w i th  f u r t h e r  decrease in  wavelength below O.528  
the  th resh o ld  spacing dec rease s ,  t h i s  may be due to 
the  f a c t  t h a t  the  mean range of the e lec tro ns  inc reases .
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decreases  and then inc reases  again as th e  wavelength 
of the  inc iden t  r a d ia t i o n  decreases.  Also, s ince  
about (^yfo of the mixture i s  of a i r  wall  m a te r ia ls  
t h i s  may be a c o n t r ib u ta ry  f a c t o r  in  the occurrence 
of the th re sh o ld  spacing a t  sm aller  value than  fo r  
simple elements; as the amount of cerium in  the  
mixture increases  the th re sh o ld  spacing increases#
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:• A m odif ica t ion  to Gray’s Theorem
Prom the previous r e s u l t s  and in v e s t ig a t io n s  
i t  seems necessary  to modify Gray’s equation  fo r  the  
energy absorp t ion  in an attempt to c o r rec t  fo r  the 
disagreement between theory and p r a c t ic e  f o r  m a te r ia l s  
of  h igh atomic number.
According to  Gray (see  p. 11 equ. if.)
E f = n^  (e '^a  + 0^2) 1 
Since 1 = n h ^
where n is  the number of inc iden t  quanta per second 
per un i t  area perpendicu lar  to the beam.
= Hi n h + eT2 ;/
In  the  case of r e c o i l  e lec t ro n s  no energy is  
removed fo r  t h e i r  e je c t io n  because they are  f r e e  
' e le c t ro n s  but in  the  case of pho toe lec trons  a c e r t a i n  
energy h%  (where Vr is» the c r i t i c a l  frequency of the 
K s h e l l )  i s  removed in  e je c t in g  an e le c t ro n  from i t s  
o r b i t .
E^ = nq n hV
and.
B .  Si
e‘^ a + e^ l
*In  a paper r e c e n t ly  published by Gray ( 56) a c o r re c t io n  
analogous to t h i s  was made to the f a c to r  re p re se n t in g  
the c o n t r ib u t io n  due to p a i r  production .
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We have app lied  t h i s  c o r re c t io n  and the  r e s u l t s  of doing 
t h i s  a re  shown in  f i g s .  (5 4 , 55 , 56 and 57 .)
Prom f ig u re  (55) see th a t  fo r  cerium mixture 
of  Z = 1 2 .8 4  the experimental r e s u l t s  approximately agree 
with  the modified t h e o r e t i c a l  va lues ,  t h i s  may he due to 
the f a c t  th a t  the v a r i a t i o n  of io n iz a t io n  with  spacing 
does not change very rap id ly  at spacing below 0.5  mm.
( th e  lowest sep a ra t io n  used) and the ex t rap o la ted  value 
are  most r e l i a b l e .
In  the  case of copper and of cerium mixtures of 
Z = 1 7 .0 4  and Z = 2 0 . 8 4  (See f i g .  5 4 ,  5 7  & 5 7 )  a 
d i f f e re n c e  between the modified theory and experiment s t i l l  
e x i s t s ,  t h i s  may be a t t r i b u t e d  to the ra p id  change of  
io n iz a t io n  w ith  spacing below 0.5  mm. spacing so th a t  the 
e x t ra p o la te d  r e s u l t s  a rc  poss ib ly  not so r e l i a b l e .  The 
ex t ra p o la te d  values are approximate and t h i s  d i f fe ren ce  
may d isappear i f  some sm alle r  spacings could be used to  
o b ta in  the ex trapo la ted  value more ac c u ra te ly .
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